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Request for your special attention and precautions in using the technical 
information and semiconductors described in this book 


An export permit needs to be obtained from the competent authorities of the Japanese Government if any 
of the products or technologies described in this book and controlled under the "Foreign Exchange and 


Foreign Trade Law" is to be exported or taken out of Japan. 


The contents of this book are subject to change without notice in matters of improved function. When 
finalizing your design,therefore,ask for the most up-to-date version in advance in order to check for any 


changes. 


We are not liable for any damage arising out of the use of the contents of this book, or for any 


infringement of patents or any other rights owned by a third party. 


No part of this book may be reprinted or reproduced by any means without written permission from our 


company. 


This book deals with standard specifications. Ask for the latest individual Product Standards or Specifications 


in advance for more detailed information required for your design,purchasing and applications. 








If you have any inquiries or questions about this book or our semiconductors, please contact one of 
our sales offices listed at the back of this book. 
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The MNIOICS1 series offers a choice of masked ROM version and user-programmable EPROM version, 
MNI01CP28L. We're now developing flash EEPROM versions, which can be programmed by users. 
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gOrganization 
In this LSI manual, the LSI functions are presented in the folowing order : overview, CPU basic functions, interrupt 
functions, port functions, timer functions, serial interface functions, and other peripheral hardware functions. Each 


section contains overview of function, block diagram, control register, operation, and setting example. 
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= Manual Configuration 


Each section of this manual consists of a title, summary, main text, key information, precautions and warnings, and 


references. 


The layout and definition of each section are shown below. 





Subtitle 


Chapter 2 Basic CPU 





Sub-subtitle 
The smallest block 


in this manual. 


2-8 Reset 





2-8-1 Reset operation 


The CPU contents are reset and registers are initialized when the NRST pin (P.27) is pulled to low. 


Main text 





@ Initiating a Reset 
There are two methods to initiate a reset. 
(1) Drive the NRST pin low for at least four clock cycles. 
NRST pin should be holded "low" for more than 4 clock cycles (200 nS at a 20 MHz). 





NRST pin 











is— 4 clock cycles 
(200 nS at a 20 MHz) 


Figure 2-8-1 Minimum Reset Pulse Width 


(2) Setting the P2OUT7 flag of the P2OUT register to "0" outputs low level at P27 (NRST) pin. And 
transfering to reset by program (software reset) can be executed. If the internal LSI is reset and 
Key informatio n register is initiated, the P2OUT7 flag becomes "1" and reset is released. 





Summary 





Introduction to the 


section. 


References 








[ «© > Chapter 4. 4-4-2 Registers ] 


On this LSI, the starting mode is NORMAL mode that high oscillation is the base clock. 


Qa When the power voltage low circuit is connected to NRST pin, circuit that gives pulse for 


Important information 





from the main text. 


\ | enough low level time at sudeen unconnected. And reset can be generated even if its pulse 
is low level as the oscillation clock is under 4 clocks, take notice of noise. 





I-44 Reset 





References for the 


main text. 


Precautions and 
warnings 




















Precautions are listed 
in case of lost func- 
tionality or damage. 


Be sure to read. 
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Finding Desired Information 


This manual provides three methods for finding desired information quickly and easily. 


() 
(2) 
(3) 


Consult the index at the front of the manual to locate the beginning of each section. 
Consult the table of contents at the front of the manual to locate desired titles. 
Chapter names are located at the top outer corner of each page, and section titles are located 


at the bottom outer corner of each page. 


=@Related Manuals 


Note that the following related documents are available. 


"MNIOIC Series LSI User's Manual" 
<Describes the device hardware.> 
"MNIOIC Series Instruction Manual" 
<Describes the instruction set.> 
"MNIOIC Series Cross-assembler User's Manual" 
<Describes the assembler syntax and notation.> 
"MNIOIC Series C Compiler User's Manual: Usage Guide" 
<Describes the installation, the commands, and options of the C Compiler.> 
"MNIOIC Series C Compiler User's Manual: Language Description" 
<Describes the syntax of the C Compiler.> 
"MNIOIC Series C Compiler User's Manual: Library Reference" 
<Describes the standard library of the C Compiler.> 
"MNIOIC Series C Source Code Debugger User's Manual" 
<Describes the use of C source code debugger.> 
"MNIOIC Series PanaX Series Installation Manual" 
<Describes the installation of C compiler, cross-assembler and C source code debugger 


and the procedure for bringing up the in-circuit emulator.> 


=Where to Send Inquires 


We welcome your questions, comments, and suggestions. Please contact the semiconductor design center closest to 


you. See the last page of this manual for a list of addresses and telephone numbers. 
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1-1 Overview 


1-1-1 Overview 


The MN101C series of 8-bit single-chip microcontrollers incorporate multiple types of peripheral func- 
tions. This chip series is well suited for VCR, MD, TV, CD, LD, printer, telephone, home automation, 
pager, air conditioner, PPC, remote control, fax machine, musical instrument, and other applications. 


The MN101C51 series brings to embedded microcomputer applications flexible, optimized hardware 
configurations and a simple efficient instruction set. This series have internal ROM 96 KB and internal 
RAM 6 KB. Peripheral functions include 5 external interrupts, 13 internal interrupts including NMI, 7 timer 
counters, 3 sets of serial interfaces, A/D converter, watchdog timer, automatic data transfer, synchro- 
nous output, buzzer output, and remote control output. The configuration of this microcontroller is well 
suited for application such as a system controller in a VCR selection timer, CD player, or MD. 


With two oscillation systems (max. 20 MHz/32 kHz) contained on the chip, the system clock can be 
switched to high speed oscillation (NORMAL mode), or to low speed oscillation (SLOW mode). The 
system clock is generated by dividing the oscillation clock. 


For example, in case of NORMAL mode, when the oscillation source (fosc) is 8 MHz, minimum instruc- 
tions execution time is for 250 ns, and when fosc is 20 MHz, it is 100 ns. 
Available package : 80-pin LQFP. 


1-1-2. Product Summary 


This manual describes the following models of the MN101C51 series. These products have same pe- 
ripheral functions. 

This manual focuses on only MN101C51F, and MN101CF51G is separately bounded. 

We also offer MN101CP28L of Mask ROM version. As for the differences between MN101C51F and 


MN101CP28L, reffer to the chapter 15. [« Table15-1-1. Defferences between Mask ROM versin and 
EPROM version ] 


Table 1-1-1 Product Summary 











Model ROM Size RAM Size Classification 
MN101C51F* 96 KB 6 KB Mask ROM version 
MN101CF51G* 128 KB 10 KB Flash EEPROM version 
MN101CP28L 96 KB 10 KB EPROM version 




















* Under development 
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CPU Core 


Chapter 1 Overview 


Hardware Functions 


MN101C Core 

- LOAD-STORE architecture ( 3-stage pipeline) 
- Half-byte instruction set / Handy addressing 

- Memory addressing space is 256 KB 

- Minimum instruction execution time 


High speed mode 0.10us / 20MHz (4.5Vto 5.5 V) 
0.238 us/ 8.39MHz (2.6 V to 5.5 V) 
0.33 us / 6MHz (2.3V to 5.5 V) 

1.00 us / 2MHz~ (2.0 V to 5.5 V) *! 


Low speed mode 125 us / 32.768 kHz 
“1 : EPROM vers. is 2.3 V to 5.5 V. 


(2.0 V to 5.5 V) * 


- Operation modes 
NORMAL mode 

SLOW mode 

HALT mode 

STOP mode 
Memory modes_ <Single chip mode> 
Internal ROM *? 
Internal RAM *? 


( High speed oscillation ) 
( Low speed oscillation ) 


96 KB *8 
6 KB 


<Memory expansion mode> 


Internal ROM *? 
Internal RAM *? 
External ROM 
External RAM 
<Processor mode> 
Internal ROM 
Internal RAM *? 
External ROM 
External RAM 


*2 : Differs depending upon the model. [€ 


96 KB *$ 
6 KB 
128 KB 
4 KB 


unused 
6 KB 
240 KB 


4 KB 
Chapter 1. 1-1-2 Product Summary ] 


*3 : As for MN101CP28L, last 1 byte address of the internal ROM is reserved for 


ROM option. 


When MN101CP28L is applied for program development, be sure to write x'FF 
on the last address x'1BFFF' of the internal ROM address. 
Note that MN101C51F / MN101CF51G do not have ROM option. 
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Interrupts 13 Internal interrupts 
< Non-maskable interrupt (NMI) > 
- Incorrect code execution interrupt and Watchdog timer interrupt 
< Timer interrupts > 
- Timer 0 interrupt 
- Timer 1 interrupt 
- Timer 2 interrupt 
- Timer 3 interrupt 
- Timer 4 interrupt 
- Timer 5 interrupt 
- Time base interrupt 
< Serial interface interrupts > 
- Serial interface 0 interrupt (Synchronous + Half-duplex UART) 
- Serial interface 1 interrupt (Synchronous) 
- Serial Interface 2 interrupt (Synchronous + singlemaster IIC) 
< A/D interrupt > 
- A/D converter interrupt 
< Automatic transfer controller (ATC) interrupt > 
- Automatic transfer interrupt 
5 External interrupts 
- IRQO : Edge selectable. With / Without noise filter. 
- IRQ1 : Edge selectable. With / Without noise filter. 
AC zero cross detector 
- IRQ2 : Edge selectable. Synchronous output event. 
- IRQ3 : Edge selectable. 
- IRQ4 : Edge selectable. Key interrupt function. 


Timers 
7 timers (6 can operate independently ) 
- 8-Bit timer for general use 3 sets 
- 8-Bit timer for general use (UART baud rate timer) 1 set 
- 8-Bit free-running timer 1 set 
Time base timer 1 set 
- 16-Bit timer for general use 1 set 


Timer 0 ( 8-Bit timer for general use ) 
- Square wave output ( Timer pulse output ), PWM output, 
Event count, Remote control carrier output 
- Clock source 
fosc, fs, fs/4, TMOIO pin input 


1-4 Hardware Functions 
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Timer 1 ( 8-Bit timer for general use ) 
- Square wave output ( Timer pulse output ), Event count, 
Synchronous output event, 16-Bit cascade connection function 
( connect to timer 0 ) 
- Clock source 
fs/16, fs/64, fx, TM1IO pin input 
Timer 2 ( 8-Bit timer for general use ) 
- Square wave output ( Timer pulse output ), PWM output, Event count, 
Synchronous output event 
- Clock source 
fs, fs/4, fx, TM2IO pin input 
Timer 3 ( 8-Bit timer for general use or UART baud rate timer ) 
- Square wave output ( Timer pulse output ), Event counter, Serial interface 
transfer clock output, 16-Bit cascade connection function (connect to timer 
2), Remote control carrier output 
- Clock source 
fosc, fs/4, fs/16, TM3IO pin input 
Timer 4 ( 16-Bit timer for general use ) 
- Square wave output ( Timer pulse output ), PWM output, Event count 
Synchronous output event, Input capture function 
- Clock source 
fosc, fs/4, fs/16, TM4IO pin input 
Timer 5 ( 8-Bit free-running timer, Time base timer ) 
QO) 8-Bit free-running timer 
- Clock source 
fosc, fs/4, fx, fosc/2'°, fx/2'$ 
L) Time base timer 
- Interrupt generation cycle 
fosc/2’, fosc/2°, fosc/2°, fosc/2"°, fosc/2'°, 
fx/27, fx/28, fx/2°, fx/2"°, fx/2'8 
at 32.768 kHz for low speed oscillation input 
can be set to measure one minute intervals 
Watchdog timer 
- Watchdog timer frequency 
fs/2?° 


Remote control output 


Based on the timer 0, and timer 3 output, a remote control carrier with duty 
cycle of 1/2 or 1/3 can be output. 
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Synchronous output 
Timer synchronous output, Interrupt synchronous output 
- Port 7 outputs the latched data, on the event timing of the synchronous 
output signal of timer 1, 2, or 4, or of the external interrupt 2 (IRQ2). 


Buzzer output Output frequency can be selected from fs/2°, fs/2'°, fs/2", fs/2'. 


Automatic transfer controller (ATC) 
Data transfers between memory and peripheral function block 
- Maximum 256 times of 1 byte transfer 
- Activation factors 
External interrupt IRQO, External interrupt IRQ1, Timer 2 interrupt, 
Timer 4 interrupt, Serial interface 0 interrupt, Serial interface 1 interrupt, 
Serial interface 2 interrupt, A/D converter interrupt 


A/D converter 10 bits X 8 channels input 
Serial interface 3 types 


Serial interface 0 ( Half-duplex UART / Synchronous serial interface ) 
(J Synchronous serial interface 
- Transfer clock source 
fs/2, fs/4, fs/16, UART baud rate timer ( timer 3 ) output, 
External clock 
- MSB/LSB can be selected as the first bit to be transferred. 
Any transfer size from 1 to 8 bits can be selected. 
UO) Half-duplex UART ( Baud rate timer : Timer 3 ) 
- Parity check, overrun error, framing error detection 
- Transfer size 7 to 8 bits can be selected. 
- When using timer 3, the transfer rate for a 12 MHz 
oscillation are 19200/9600/4800/2400/1200/300 bps. 


Serial interface 1 ( Synchronous serial interface ) 
- Transfer clock source 
fs/2, fs/8, fs/64, Timer 3 output, External clock 
- MSB/LSB can be selected as the first bit to be transferred. Any 
transfer size 1 to 8 bits can be selected. 


Serial interface 2 ( Single master IIC / Synchronous serial interface ) 
) Synchronous serial interface 
- Transfer clock source 
fs/4, fs/8, fs/16, fs/32, timer 0 output divided by 4, external clock 
- MSB/LSB can be selected as the first bit to be transferred. 
Any transfer size from 1 to 8 bits can be selected. 
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QO) Single master IIC 
- IC communication for single master 
[Note] When Matsushita standard serial interface writer is used for Flash Memory built-in 
version, select the serial interface 2 for the program transfer serial. 


LED driver 8 pins 
Port /O ports 57 pins * 
- LED (large current ) driver pins 8 pins 
- Pins with dual function for external expansion mode 
30 pins 
Input ports 13 pins 
- dual function for External interrupt 5 pins 
(One pin can also be used for zero-cross input.) 
- dual function for A/D input 8 pins 
Special pins 
- Analog reference voltage input pin 2 pins 
- Operation mode input pin 1 pin 
- Reset input pin 1 pin 
- Power pin 2 pins 
- Oscillation pin 4 pins 


*4 The MN101CF51G have 55 pins of I/O ports. 


Package 80-pin LQFP ( 14 mm square / 0.65 mm pitch ) 
code name : LQFP080-P-1414A 
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1-3 Pin Description 


1-3-1 Pin Configuration 
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A7/P67 —<e—pe P31/SBI2 
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S$DO1/A9/P71 ~=q— P24/IRQ4 


~a—_ P23/IRQ3 
~<a P22/IRQ2 
—=a—_ P21/IRQ1/ACZ 


SDO2/A10/P72 
SDO3/A11/P73 
SDO4/A12/P74 





SDO5/A13/P75 MN101C51F ~<a— P20/IRQ0 
SDO6/A14/P76 <> P14/TM4I0 
SDO7/A15/P77 - General use 80 pins - <q—e P13/TM3IO 
LED7/D7/P87 ~<a P12/TM2I0 
LED6/D6/P86 ~<q—e P11/TM1IO 
LED5/D5/P85 <aq—p P10/TMOIO/RMOUT 
LED4/D4/P84 ~<a— P27/NRST 
LED3/D3/P83 <a P06/NDK/BUZZER 
LED2/D2/P82 <a» P05/SBT1 
LED1/D1/P81 <q» P04/SBI1 
LEDO/DO/P80 ~<a» P03/SBO1 
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Figure 1-3-1 Pin Configuration ( 80LQFP : Top view ) 
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1-3-2. Pin Specification 


Table 1-3-1 Pin Specification ( 1/2 ) 





Direction Pin 
Control Control 


POO |SBOO TXD in/out PODIRO POPLUO | SBO0: Serial Interface 0 transmission data output ~— TXD : UART transmission data output 


Pins | Special Functions | /O Functions Description 











P01 |SBIO RXD in/out PODIR1 POPLU1 | SBIO: Serial Interface 0 reception data input RXD : UART reception data input 
P02 |SBTO in/out PODIR2 POPLU2 | SBTO : Serial Interface 0 clock I/O 

P03 |SBO1 in/out PODIR3 POPLUS | SBO1 : Serial Interface 1 transmission data output 

P04 |SBI1 in/out PODIR4 POPLU4 | SBI1 : Serial Interface 1 reception data input 

POS |SBT1 in/out PODIR5 POPLU5|SBT1 : Serial Interface 1 clock I/O 

Po6 |NDK BUZZER] in/out PODIR6 POPLU6 | NDK : Data acknowledge signal BUZZER : Buzzer output 

P10 |TMOIO RMOUT} in/out P1DIRO P1PLUO| TMOIO : Timer 0 I/O RMOUT : Remote control carrier output 
P11 |TM1IO in/out P1DIR1 P1PLU1) TM11I0O : Timer 1 /O 

P12 |TM2I0 in/out P1DIR2 P1PLU2)TM2I0 : Timer 2 /O 

P13 |TM3IO in/out P1DIR3 P1PLU3)TM3IO : Timer 3 /O 

P14 |TM41O in/out P1DIR4 P1PLU4|TM4IO : Timer 4 I/O 

P20 |IRQO in - P2PLUO | IRQO : External interrupt 0 

P21 |IRQ1 ACZ jin -  P2PLU1 | IRQ1 : External interrupt 1 ACZ : Zero-cross input 
P22 |IRQ2 in 2 P2PLU2 | IRQ2 : External interrupt 2 

P23 |IRQ3 in - P2PLU3 | IRQ3 : External interrupt 3 

P24 |IRQ4 in - P2PLU4 | IRQ4 : External interrupt 4 

P27 |NRST in - : NRST : Reset 





P30 |SBO2 SDA in/out P3DIRO P3PLUO | SBO2 : Serial Interface 2 transmission data output ~— SDA : IIC transmission / reception data VO 























P31 | SBl2 in/out P3DIR1 P3PLU1 | SBI2 : Serial Interface 2 reception data input 
P32 | SBT2 SCL | in/out P3DIR2 P3PLU2 | SBT2: Serial Interface 2 clock I/O SCL : IC clock output 
P33 in/out P3DIR3 P3PLU3 

P34 in/out P3DIR4 P3PLU4 

P35 in/out P3DIR5 P3PLU5 

P36 in/out P3DIR6 P3PLU6 

P37 in/out P3DIR7 P3PLU7 

P40 | KEYO in/out P4DIRO P4PLUO | KYEO : Key interrpt input 0 

P41 |KYE1 in/out P4DIR1 P4PLU1 | KYE1 : Key interrpt input 1 

P42 | KYE2 in/out P4DIR2 P4PLU2 | KYE2 : Key interrpt input 2 

P43. | KYE3 in/out P4DIR3 P4PLU3 | KYES : Key interrpt input 3 

P44 | KYE4 in/out P4DIR4 P4PLU4 | KYE4 : Key interrpt input 4 

P45 | KYE5 in/out P4DIR5 P4PLU5 | KYES : Key interrpt input 5 

P46 | KYE6 in/out P4DIR6 P4PLU6 | KYE6 : Key interrpt input 6 

P47 | KYE7 in/out P4DIR7 P4PLU7 | KYE7 : Key interrpt input 7 

P50 |NWE in/out P5DIRO P5PLUO | NWE : Write enable signal 

P51. |NRE in/out P5DIR1 P5PLU1 |NRE : Read enable signal 

P52 |NCS in/out P5DIR2 P5PLU2 |NCS : Chip select signal 

P53 (| A16 in/out P5DIR3 P5PLU3 |A16 : Address output (bp16) 

P54 |A17 in/out P5DIR4 P5PLU4 |A17 : Address output (bp17) 





[Note] P36 and P37 are not allocated to MN101CF51G. 
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Table 1-3-2 Pin Specification (2/2) 
































Pins |Special Functions V0 utile a Functions Description 

P60 | AO in/out. P6DIRO P6PLUO | AO : Address output (bp0) 

P61 | At in/out P6DIR1 P6PLU1 | A1 : Address output (bp1) 

P62 | A2 in/out P6DIR2 P6PLU2 | A2 : Address output (bp2) 

P63 | A3 in/out + P6DIR3 P6PLU3 | A3 : Address output (bp3) 

P64 | A4 in/out P6DIR4 P6PLU4 | A4 : Address output (bp4) 

P65 | A5 in/out +P6DIR5 P6PLUS | AS : Address output (bp5) 

P66 | AG in/out +P6DIR6 P6PLU6 | A6 : Address output (bp6) 

P67 | A7 in/out P6DIR7 P6PLU7 | A7 : Address output (bp7) 

P70 | A8 SDOO in/out P7DIRO P7PLUDO| A8 : Address output (bp8) SDO0 : Synchronous output 0 
P71 | AQ SDO1 in/out P7DIR1 P7PLUD1| AQ : Address output (bp9) SDO1 : Synchronous output 1 
P72 | Aid SDO2 | in/out P7DIR2 P7PLUD2| A10: Address output (bp10) = SDO2 : Synchronous output 2 
P73 | A114 SDO3 in/out. P7DIR38 P7PLUD3] A11 : Address output (bp11) SDO3 : Synchronous output 3 
P74 | A12  SDO4 | in/out P7DIR4 P7PLUD4| A12: Address output (op12) = SDO4 : Synchronous output 4 
P75 | A13.  SDOS5 | in/out P7DIR5 P7PLUDS5} A13: Address output (op13) §=SDOS5 : Synchronous output 5 
P76 | Ai4. SDO6 | in/out P7DIR6 P7PLUD6] A14 : Address output (bp14) | SDO6 : Synchronous output 6 
P77 | A15  SDO7 | in/out P7DIR7 P7PLUD7| A15 : Address output (bp15) © SDO7 : Synchronous output 7 
P80 | DO LEDO in/out + P8DIRO P8PLUO | DO: Data I/O (bp0) LEDO : LED driver pin 0 

P81 | D1 LED1 infout P8DIR1 P8PLU1 | D1 : Data I/O (bp1) LED1 : LED driver pin 1 

P82 | D2 LED2 in/out P8DIR2 P8PLU2 | D2: Data I/O (bp2) LED2 : LED driver pin 2 

P83 | D3 LED3 in/out P8DIR3 P8PLU3 | D3: Data I/O (bp3) LED3 : LED driver pin 3 

P84 | D4 LED4 in/out P8DIR4 P8PLU4 | D4: Data I/O (bp4) LED4 : LED driver pin 4 

P85 | D5 LED5 in/out P8DIR5 P8PLU5 | D5: Data I/O (bp5) LEDS5 : LED driver pin 5 

P86 | D6 LED6 in/out P8DIR6 P8PLU6 | D6: Data I/O (bp6) LED6 : LED driver pin 6 

P87 | D7 LED7 | in/out P8DIR7 P8PLU7 | D7: Data I/O (bp7) LED7 : LED driver pin 7 

PAO | ANO in - PAPLUDO| ANO : Analog 0 input 

PA1 | AN1 in ° PAPLUD1]| AN1 : Analog 1 input 

PA2 | AN2 in . PAPLUD2] AN2 : Analog 2 input 

PA3 | AN3 in - PAPLUD3] AN3 : Analog 3 input 

PA4 | AN4 in ° PAPLUD4] AN4 : Analog 4 input 

PA5 | AN5 in - PAPLUDS5| AN5 : Analog 5 input 

PA6 | AN6 in 7 PAPLUD6| AN6 : Analog 6 input 

PA7 | AN7 in - PAPLUD7| AN7 : Analog 7 input 
I-10 Pin Description 
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Name fe nit vO Ses Function Description 

Vss 14 Power supply pin Supply 2.0 V to 5.5 V to Vpp and 0 V to Vss. 

VDD 11 

OSC1 /13 Input Clock input pin Connect these oscillation pins to ceramic or crystal 

OSC2 /|12 Output Clock output pin oscillators for high-frequency clock operation. 
lf the clock is an external input, connect it to OSC1 and 
leave OSC2 open. The chip will not operate with an 
external clock when using either the STOP or SLOW 
modes. 

Xl 15 Input Clock input pin Connect these oscillation pins to crystal oscillators for 

XO 16 Output Clock output pin low-frequency clock operation. 
If the clock is an external input, connect it to Xl and leave 
XO open. The chip will not operate with an external 
clock when using the STOP mode. If these pins are not 
used, connect XI to Vss and leave XO open. 

NRST | 25 Input P27 Reset pin This pin resets the chip when power is turned on, is 

[Active low] allocated as P27 and contains an internal pull-up 

resistor (Typ.35 kQ). Setting this pin low initializes the 
internal state of the device. Thereafter, setting the input 
to high releases the reset. The hardware waits for the 
system clock to stabilize, then processes the reset 
interrupt. Also, if "0" is written to P27 and the reset is 
initiated by software, a low level will be output. The 
output has an n-channel open-drain configuration. If a 
capacitor is to be inserted between NRST and VDD, it 
is recommended that a discharge diode be placed 
between NRST and Vpp. 

POO 18 vO SBOO, TXD VO port 0 7-Bit CMOS tri-state V/O port. 

P01 19 SBIO, RXD Each bit can be set individually as either an input or 

P02 20 SBTO output by the PODIR register. A pull-up resistor for each 

P03 21 SBO1 bit can be selected individually by the POPLU register. 

P04 22 SBH At reset, the input mode is selected and pull-up 

P05 23 SBT1 resistors are disabled (high impedance output). 

P06 24 NDK, BUZZER 

P10 26 vO TMOW, RMOUT | VO port 1 5-Bit CMOS tri-state V/O port. 

P11 27 TM11O Each bit can be set individually as either an input or 

P12 28 TM2I0 output by the P1DIR register. A pull-up resistor for each 

P13 29 TM3IO bit can be selected individually by the P1PLU register. 

P14 30 TM4IO At reset, the input mode is selected and pull-up 
resistors are disabled (high impedance output). 
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Table 1-3-4 Pin Function Summary (2/7) 
Name an ii VO ee Function Description 

P20 31 Input IRQO Input port 2 5-Bit input port. 

P21 32 IRQ1, ACZ A pull-up resistor for each bit can be selected 

P22 33 IRQ2 individually by the P2PLU register. At reset, pull-up 

P23 34 IRQ3 resistors are disabled. 

P24 35 IRQ4 

P27 25 Input NRST Input port 2 P27 has an n-channel open-drain configuration. When 
"0" is written and the reset is initiated by software, a 
low level will be output. 

P30 36 vO SBO2, SDA VO port 3 8-Bit CMOS tri-state V/O port. 

P31 37 SBI2 Each bit can be set individually as either an input or 

P32 38 SBT2, SCL output by the P3DIR register. A pull-up resistor for each 

P33 39 bit can be selected individually by the P3PLU register. 

P34 40 At reset, the input mode is selected and pull-up 

P35 41 resistors are disabled (high impedance output). 

P36 42 

P37 43 

P40 44 vO KEYO VO port 4 8-Bit CMOS tri-state V/O port. 

P41 45 KEY1 Each bit can be set individually as either an input or 

P42 46 KEY2 output by the P4DIR register. A pull-up resistor for each 

P43 47 KEY3 bit can be selected individually by the P4PLU register. 

P44 48 KEY4 At reset, the input mode is selected and pull-up 

P45 49 KEY5 resistors are disabled (high impedance output). 

P46 50 KEY6 

P47 51 KEY7 

P50 52 vO NWE VO port 5 5-Bit CMOS tri-state /O port. 

P51 53 NRE Each bit can be set individually as either an input or 

P52 54 NCS output by the P5DIR register. A pull-up resistor for each 

P53 55 A16 bit can be selected individually by the PS5PLU register. 

P54 56 A17 At reset, when single chip mode is selected, the input 
mode is selected and pull-up resistors for P50 to P54 
are disabled (high impedance output). 
During processor mode, NWE, NRE, NCS, A16, and 
A17 are set to output mode. 

P60 57 vO AO VO port 6 8-Bit CMOS tri-state VO port. 

P61 58 Al Each bit can be set individually as either an input or 

P62 59 A2 output by the P6DIR register. A pull-up resistor for each 

P63 60 A3 bit can be selected individually by the P6PLU register. 

P64 61 A4 At reset, when single chip mode is selected, the input 

P65 62 A5 mode is selected and pull-up resistors for P60 to P67 

P66 63 A6 are disabled (high impedance output). During 

P67 64 A7 processor mode, output mode is selected for AO to A7. 





[Note] P36 and P37 are not allocated to MN101CF51G. 


I-12 


Pin Description 





Chapter 1 Overview 


Table 1-3-5 Pin Function Summary (3/7) 

















Name Pi oid vO site Function Description 

P70 65 vO A8, SDOO VO port 7 8-Bit CMOS tri-state I/O port. 

Pz 66 A9, SDO1 Each bit can be set individually as either an input or 

P72 67 A10, SDO2 output by the P7DIR register. A pull-up or pull-down 

P73 68 A11, SDO3 resistor for each bit can be selected individually by the 

P74 69 A12, SDO4 P7PLUD register. However, pull-up and pull-down 

P75 70 A13, SDO5 resistors cannot be mixed. 

P76 71 A14, SDO6 This port contains a synchronous output function for 

P77 72 A15, SDO7 external 2 interrupt, timer 1 interrupt, timer 2 interrupt 
and timer 4 interrupt. 
At reset, when single-chip mode is selected, the input 
mode is selected and pull-up resistors for P70 to P77 
are disabled (high impedance output). During 
processor mode, A8 to A15 are set to output mode. 

P80 80 vO DO, LEDO VO port 8 8-Bit CMOS tri-state /O port. 

P81 79 D1, LED1 Each individual bit can be switched to an input or output 

P82 78 D2, LED2 by the P8DIR register. A pull-up resistor for each bit can 

P83 77 D3, LED3 be selected individually by the P8PLU register. When 

P84 76 D4, LED4 configured as outputs, these pins can drive LEDs 

P85 75 D5, LED5 directly. 

P86 74 D6, LED6 At reset, when single-chip mode is selected, the input 

P87 73 D7, LED7 mode is selected and pull-up resistors for P80 to P87 
are disabled (high impedance output). During 
processor mode, DO to D7 are set to input mode (high 
impedance output). 

PAO 2 Input ANO Input port A 8-Bit input port. 

PA1 3 AN1 A pull-up or pull-down resistor for each bit can be 

PA2 4 AN2 selected individually by the PAPLUD resister. However, 

PA3 5 AN3 pull-up and pull-down resistors cannot be mixed. 

PA4 6 AN4 At reset, the PAO to PA7 input mode is selected and 

PA5 7 AN5 pull- up resistors are disabled. 

PA6 8 AN6 

PA7 9 AN7 
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Table 1-3-6 Pin Function Summary (4/7) 





Name 


No. 
(80 pin) 


Ife) 


Other 
Function 


Function 


Description 





SBOO 
SBO1 
SBO2 


18 
21 
36 


Output 


POO, TXD 
P03 
P30, SDA 


Serial interface 
transmission data 
output pins 


Transmission data output pins for serial interfaces 0 to 
2. 

The output configuration, either CMOS push-pull or n- 
channel open-drain can be selected. Pull-up resistors 
can be selected by the POPLU register and the P3PLU 
register. Select output mode by the PODIR register and 
the P3DIR register, and serial data output mode by 
serial mode register (SCOMD3, SC1MD1 and 
SC2MD1). 

These can be used as normal VO pins when the serial 
interface is not used. 





SBIO 
SBI 
SBl2 


19 
22 
37 


Input 


P01, RXD 
P04 
P31 


Serial interface 
received data input 
pins 


Receive data input pins for serial interfaces 0 to 2 Pull- 
up resistors can be selected by the POPLU register and 
P3PLU register. Select input mode by the PODIR 
register and P3DIR register, and serial input mode by 
the serial mode register (SCOMD3, SC1MD1, 
SC2MD1) . 

These can be used as normal VO pins when the serial 
interface is not used. 





SBTO 
SBT1 
SBT2 


20 
23 
38 


vO 


P02 
P05 
P32, SCL 


Serial interface clock 
VO pins 


Clock VO pins for serial interfaces 0 to 2. 

The output configuration, either CMOS push-pull or n- 
channel open-drain can be selected. Pull-up resistors 
can be selected by the POPLU register and the P3PLU 
register. Select clock VO for each communication mode 
by the PODIR register, the P3DIR register and serial 
mode register (SCOMD3, SC1MD1 and SC2MD1). 
These can be used as normal VO pins when the serial 
interface is not used. 





TXD 


18 


Output 


SBOO, P00 


UART transmission 
data output pin 


In the serial interface in UART mode, this pin is 
configured as the transmission data output pin. 

The output configuration, either CMOS push-pull or n- 
channel open-drain can be selected. Pull-up resistors 
can be selected by the POPLU resister. 

Select output mode by the PODIR register, and serial 
data output by serial 0 mode register 3 (SCOMDS ). 
This can be used as normal VO pin when the serial 
interface is not used. 





RXD 








19 





Input 





SBIO, P01 





UART received data 
input pin 





In the serial interface in UART mode, this pis is 
configured as the received data input pin. 

Pull-up resistors can be selected by the POPLU 
register. Set this pin to the input mode by the PODIR 
register, and to the serial inout mode by the serial 0 
mode register 3 (SCOMD3). 

This can be used as normal I/O pin when the serial 
interface is not used. 
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Table 1-3-7 Pin Function Summary (5/7) 





Ho VO other Function Description 


pam: (80 pin) Function 





SCL 38 Output | SBT2, P32 IIC clock output pin In the serial interface in IIC mode, this pinis 
configurated as the clock output pin. 

The output configuration, either CMOS push-pull or n- 
channel open-drain can be selected. Pull-up resistors 
can be selected by the P3PLU register. 

Select output mode by the P3DIR register, and serial 
clock mode by the serial 2 mode register 1 (SC2MD1). 
This can be used as normal I/O pin when the serial 
interface is not used. 





SDA 36 vO SBO2, P30 IC transmission / In the serial interface in IIC mode, this pinis 
reception data /O configurated as the transmission / reception data VO. 
The output configuration, either CMOS push-pull or n- 
chnnel open-drain can be selected. 

This can be used as normal I/O pin when the serial 
interface is not used. 





TMOIO: | 26 vO P10, RMOUT Timer VO pins Event counter clock input pins, timer output and PWM 
TM1IO | 27 P11 signal output pins for 8-bit timers 0 to 3. 

TM2IO_ =| 28 P12 To use these pins as event clock inputs, configure them 
TM3IO 29 P13 as inputs by the P1DIR register. When the pins are 
used as inputs, pull-up resistors can be specified by the 
P1PLU register. 

For timer output, PWM signal output, select the special 
function pin by the port 1 output mode register 
(P1OMD) and set to the output mode by the P1DIR 
register. 

When not used for timer /O, these can be used as 
normal VO pins. 





RMOUT | 26 vO P10,TMOIO Remote control Output pin for remote control transmission signal with 
transmission signal a carrier signal. 

output pin For remote control carrier output, select the special 
function pin by the port 1 output mode register 
(P1OMD) and set to the output mode by the P1DIR 
register. Also, set to the remote control carrier output 
by the remote control carrier output control register 
(RMCTR). 

This can be used as a normal I/O pin when remote 
control is not used. 





BUZZER | 24 Output | P06, NDK Buzzer output Piezoelectric buzzer driver pin. The driving frequency 
can be selected by the DLYCTR register. 

Select output mode by the PODIR register and select 
P06 buzzer output by the DLYCTR register. 

When not used for buzzer output, this pin can be used 
as a normal V/O pin. 








TM4IO | 30 vO P14 Timer VO pin Event counter clock input pin, timer output and PWM 
signal output pin for 16-bit timer 4. 

To use this pin as event clock input, configure this as 
input by the P1DIR register. In the input mode, pull-up 
resistors can be selected by the P1PLU register. 

For timer output, PWM signal output, select the special 
function pin by the port 1 output mode register 
(P1OMD), and set to the output mode by the P1DIR 
register. 

When not used for timer I/O, this can be used as normal 
VO pin. 
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Table 1-3-8 Pin Function Summary (6/7) 
Name e0 an vO cline Function Description 

SDOO 65 Output | P70 Synchronous output 8-Bit synchronous output pins. 

SDO1 66 P71 pins Synchronous output for each bit can be selected 

SDO2 67 P72 individually by the synchronous output control register 

SDO3 68 P73 (SYSMD). Set to the output mode by the P7DIR 

SDO4 69 P74 register. 

SDO5 70 P75 When not used for synchronous output, these pins can 

SDO6 71 P76 be used as a normal VO pins. 

SDO7 72 P77 

VREF+ 10 - +power supply for Reference power supply pins for the A/D converter. 

VREF- 1 - A/D converter Normally, the values of VREF+=VDD and VREF-=VSS are 

- power supply for used. 
A/D converter 

ANO 2 Input PAO Analog input pins Analog input pins for an 8-channel, 10-bit A/D 

AN1 3 PA1 converter. 

AN2 4 PA2 When not used for analog input, these pins can be used 

AN3 5 PA3 as normal input pins. 

AN4 6 PA4 

AN5 7 PA5 

AN6 8 PA6 

AN7 9 PA7 

IRQO 31 Input P20 External interrupt External interrupt input pins. 

IRQ1 32 P21,ACZ _ | input pins The valid edge for IRQO to 4 can be selected through 

IRQ2 33 P22 the IRQnICR register. 

IRQ3 34 P23 IRQ1 is an external interrupt pin that is able to deternine 

IRQ4 35 P24 AC zero crossings. When these are not used for 
interrupts, these can be used as normal input pins. 

ACZ 32 Input P21, IRQ1_ | AC zero-cross An input pin for an AC zero-cross detection circuit. The 

detection input pin AC zero-cross detection circuit outputs a high level 

when the input is at an intermediate level. Otherwise, it 
outputs a low level voltage all the times. ACZ input 
signal is connected to the P21 input circuit and the 
IQR1 interrupt circuit. When the AC zero-cross 
detection circuit is not used, this pin can be used as a 
normal P21 input. 
The selection is set by the P21IM flag of the FLOAT1 
register. 
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Table 1-3-9 Pin Function Summary (7/7) 





No. 


Other 














Name (80 pin) vO Funcilon Function Description 

KEYO 44 Input P40 Key interrupt input pins | Input pins for interrupt based on ORed result of pin 

KEY1 45 P41 inputs. 

KEY2 46 P42 Key input pin for 2 bits can be selected individually by 

KEY3 47 P43 the key interrupt control register (P4IMD). 

KEY4 48 P44 When not used for KEY input, these pins can be used 

KEY5 49 P45 as normal I/O pins. 

KEY6 50 P46 

KEY7 51 P47 

MMOD_ | 17 Input Memory mode switch | This pin sets the memory expansion mode. If used with 
input pin the processor mode, set the input high. For all other 

cases set the input low. Do not change the setup after 
reset. 

NWE 52 Output | P50 Write enable pin Memory control signals for an expanded memory 
(Active low) space external to this LSI. 

NRE 53 Output | P51 Read enable pin NWE is a strobe signal that is output for writing to 
(Active low) external memory. 

NCS 54 Output | P52 Chip select pin NRE is a strobe signal that is output for reading from 
(Active low) external memory. 

NDK 24 Input P06, BUZZER | Data acknowledge pin | NCS is a chip select signal that is output when external 
(Active low) memory is accessed. 

AO 57 Output | P60 Address pin NDK is an acknowledge signal that indicates the 

Al 58 Output | P61 external memory access is complete. 

A2 59 Output | P62 

A3 60 Output | P63 

A4 61 Output | P64 AO to A17 are address signals output to external 

A5 62 Output | P65 memory. 

A6 63 Output | P66 DO to D7 are data signals that input data to and output 

A7 64 Output | P67 data from external memory. 

A8 65 Output | P70, SDOO 

AQ 66 Output | P71, SDO1 

A10 67 Output | P72, SDO2 

Al1 68 Output | P73, SDO3 

A12 69 Output | P74, SDO4 

A13 70 Output | P75, SDO5 

A14 71 Output | P76, SDO6 

A15 72 Output | P77, SDO7 

A16 55 Output | P53 

A17 56 Output | P54 

DO 80 VO P80, LEDO Data pin 

D1 79 vO P81, LED1 

D2 78 vO P82, LED2 

D3 77 vO P83, LED3 

D4 76 vO P84, LED4 

D5 75 vO P85, LED5 

D6 74 vO P86, LED6 

D7 73 vO P87, LED7 
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1-4 Block Diagram 


1-4-1 Block Diagram 




















































































































Su Bon 
- AN kK 5 S = < << 
Oo oO na n - oO s+ 
(2) ces in LO ) WO 
xz & re) ro) LS ZS aoooaa 
i | 
Y 
TXD,SBO0,P00 ~«—| 5 
RXD,SBIO,P01 7 
SBT0,P02 <t—] 0 /—* P60,A0 
SBO1,P03 = |) LOW speed|]| HIGH speed CPU wt PG1 At 
SBI1,P04 oscillator oscillator MN101C -y ~ > P62,A2 
SBT1,P05 Oo j<— P63,A3 
NDK,BUZZER,P06 ROM RAM oO -S— P64,A4 
RMOUT,TMOIO,P10 0 96 KB. 6 KB M$ PE5A5 
TM110,P11 fo} i P66,A6 
TM210,P12 4 ie <— P67,A7 
TM3IO,P13 -_ 8-Bit Timer 0 External Interrupt <4 P70.SD00,A8 
TM410,P14 — : h—* P71,SD01,A9 
IRQO,P20 8-Bit Timer 1 Serial Interface 0 9 + P72,SD02,A10 
ACZ,IRQ1,P21 y — O ~—» P73,SDO3,A11 
IRQ2,P22 = 8-Bit Timer 2 Serial Interface 1 <) SS P74,SD04,A12 
IRQ3,P23 ho j—t— P75,SDO5,A13 
IRQ4,P24 8-Bit Timer 3 Serial Interface 2 —t— P76,SDO06,A14 
NRST,P27 j—t— P77,SDO7,A15 
SDA,SBO2,P30 16-Bit Timer 4 Time Base Timer 5 — P80,LED0,DO 
SBI2,P31 t— P81,LED1,D1 
SCL,SBT2,P32 U Watchdog Timer ~U ~s — P82,LED2,D2 
P33 g A/D converter S \}~<—> P83,LED3,D3 
P34 aS : oo he P84,LED4,D4 
P35 [Automatic transfer Controller Pas LEDS DS 
P36 | i P86,LED6,D6 
P37 Port 4 | | Port A | P87 LED7 D7 
co 
>> 
es99seen ee eeaS 
cece eee S EEE Ee 
SS Sesyess 2222422 
PTRCTE TET TTR TET ETT <tatadc 
<<“¥Y¥Y¥YY¥YY¥ue 
* Differs depending upon the model. [ « Table 1-1-1 Product Summary] 
Figure 1-4-1 Block Diagram 
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1-5 Electrical Characteristics 


This LSI user's manual describes the standard specification. 
System clock (fs) is : 1/2 of high speed oscillation at NOR- 
MAL mode, or 1/4 of low speed oscillation at SLOW mode. 


Please ask our sales offices for its own product specifica- 





tions. 











Model : 
Contents MN101C51F series 
Structure CMOS integrated circuit 
Application General purpose 
Function 8-Bit single-chip microcontroller 











1-5-1 Absolute Maximum Ratings ?* (voltages referenced to Vss) 
Power supply voltage VDD - 0.3 to +7.0 
- 500 to +500 


Input clamp current (ACZ) Ic 


3. | Input pin voltage VI 


Output pin voltage Vo 

VO pin voltage Vio1 

o eo a 
Peak output 

current Other than port 8 | loL2 (peak) 

Le All pins IOH (peak) 

o es 
Average 

output Other than port 8 | loL2 (avg) 
current *1 

All pins IOH (avg) 

Power dissipation 

Operating ambient temperature | Topr 

Storage temperature Tstg 


“ Applied to any 100 ms period. 

*2 Connect at least one bypass capacitor of 0.1 UF or larger between the power 
supply pin and the ground for latch-up prevention. 

*3 The absolute maximum ratings are the limit values beyond which the LSI may 
be damaged and proper operation is not assured. 


- 0.3 to VDD +0.3 


- 0.3 to VDD +0.3 


- 0.3 to VDD +0.3 


oO 


‘ 1 
ye) ye) w 


r=) 
3 
> 


=e 


iN 
°o 
oO 


- 40 to +85 


- 55 to +125 
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1-5-2 Operating Conditions —[ NORMAL mode : fs=fosc/2, SLOW mode : fs=fx/4 ] 


Ta=-40 °C to +85 °C Vpp=2.0 V (2.3 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 




































































Rating 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
Power supply voltage 
1 Vobp1 fosc<20.0 MHz 45 5.5 
2 Vpp2 fosc<8.39 MHz 2.6 5.5 
3 |Power supply voltage Vpp3 fosc<6.00 MHz 2.3 5.5 
2.0 V 
4 Vop4 fosc<2.00 MHz (2.3) 5.5 
5 Vpps fx=32.768 kHz ae 5.5 
Sar (2.3) : 
6 |Voltage to maintain RAM data | Vope During STOP mode 1.8 5.5 
Operation speed *1 
7 tet Vop=4.5 V to 5.5 V 0.100 
8 tc2 Vop=2.6 V to 5.5 V 0.238 
NU pe tCtOn toa Vov=2.3 V to 5.5 V 0.333 us 
execution time 
10 te4 Vop=2.0 V (2.3 V) to 5.5 V 1.00 
11 te5 Vop=2.0 V (2.3 V) to 5.5 V 40 125 
































“4 tc1, tc2, tc3, tc4 : 1/2 of high speed oscillation at NORMAL mode 
tc5 : 1/4 of low speed oscillation at SLOW mode 
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Ta=-40 °C to +85 °C Vop=2.0 V (2.3 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 



























































































































































Rating 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 
Crystal oscillator 1 Fig. 1-5-1 
12 | Crystal frequency fxtalt spending 1.0 20.0 MHz 
operating voltage 
13 Cu 20 
External capacitors pF 
14 C12 20 
15 |Internal feedback resistor |Rfto 700 kQ 
Crystal oscillator 2 Fig. 1-5-2 
16 | Crystal frequency fxtal2 32.768 100 kHz 
17 Cat 20 
External capasitors pF 
18 C22 20 
19 | Internal feedback resistor | Rr2o0 4.0 MQ 
Osc x 
Rito ® Rizo © 
700 | 4.0 ua 
Typ fxtalt Typ fxtal2 
MN101C |} MN101C | +} 
Osc2 xO 
C12 C11 C22. 21 














VAaAa LLL 


The feedback resistor is built-in. 


Figure 1-5-1 Crystal Oscillator 1 














The feedback resistor is built-in. 


Figure 1-5-2 Crystal Oscillator 2 








Connect external capacitor that suits for the used pin. When crystal oscillator or ceramic 
(A oscillator is used, the frequency is changed depending on the condenser rate. Therefore, 
: consult the manufacturer of your pin for the appropreate external capacitor. 
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Ta=-40 °C to +85 °C ~Vpp=2.0 V (2.3 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 





Rating 
Parameter Symbol Conditions Unit 
MIN TYP | MAX 























External clock input 1 OSC1 (OSC2 is unconnected) 




















20 | Clock frequency fosc 1.0 20.0 | MHz 
21 | High level pulse width twht 20.0 

*2 Fig. 1-5-3 
22 |Low level pulse width twit 20.0 

ns 

23 | Rising time twrt 5.0 

Fig. 1-5-3 en Seen weenie 
24 | Falling time twit 5.0 























External clock input 2 XI (XO is unconnected) 









































25 |Clock frequency fx 32.768 400 “—_ 
26 | High level pulse width twh2 35 

*2 Fig. 1-5-4 us 
27 |Low level pulse width twi2 35 
28 | Rising time twr2 30 

Fig. 1-5-4 = 
29 | Falling time twi2 20 





*2 The clock duty rate should be 45% to 55%. 





twh1 4 twit 




















-_ >< > xe te 
e - wrt - bg twit | - Q bw » < Me 
, < {Mose >: : Si th >: 
Figure 1-5-3 OSC1 Timing Chart Figure 1-5-4 XI Timing Chart 
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1-5-3 DC Characteristics 


Ta=-40 °C to +85 °C Vpp=2.0 V (2.3 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 






































Rating 
Parameter Symbol Conditions MIN Typ | MAX Unit 
Power supply current (no load at output pin) *1 
1 ani anaes MHz (fs=fosc/2) 25 50 
fosc=8.39 MHz (fs=fosc/2) mn 
2 |Power supply current IDD2 Vpp=5 V 10 25 
fx=32.768 kHz (fs=fx/4) 
3 IDD3 Vpp=3 V 40 120 
4 Gas fx=32.768 kHz VoD=3 V i 8 
Supply current Ta=25 °C 
z Sune tanec? ppg | %=-32-768 kHz VoD=3 V ag. >| A 
Ta=-40 °C to +85 °C 
6 poe. ||Yee 1 
Supply current Ta=25 °C 
during STOP mode Vpp=5 V 
fl ID07 | Ta=-40 °C to +85 °C ee 


























om Measured under conditions of no load. 

- The supply current during operation, IDD1(IDD2), is measured under the following conditions : 
After all I/O pins are set to input mode and the oscillation is set to <NORMAL mode>, the 
MMOD pin is at VSs level, the input pins are at VDD level, and a 20 MHz (8.39 MHz) 
square wave of VDD and Vss amplitudes is input to the OSC1 pin. 

- The supply current during operation, IDD3, is measured under the following conditions : After 
all I/O pins are set to input mode and the oscillation is set to <SLOW mode>, the MMOD pin 
is at VSs level, the input pins are at VDD level, and a 32.768 kHz square wave of VDD and VsSs 
amplitudes is input to the XI pin. 

- The supply current during HALT mode, IDD4(IDD5), is measured under the following 
conditions : After all I/O pins are set to input mode and the oscillation is set to <HALT mode>, 
the MMOD pin is at Vss level, the input pins are at VDD level, and an 32.768 kHz square wave 
of VDD and Vss amplitudes is input to the XI pin. 

- The supply current during STOP mode, IDD6(IDD7), is measured under the following 
conditions : After the oscillation is set to <STOP mode>, the MMOD pin is at Vss level, the 
input pins are at VDD level, and the OSC1 and XI pins are unconnected. 
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Ta=-40 °C to +85 °C Von=2.0 V (2.3 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 










































































































































































Rating 
Parameter Symbol Conditions MIN Typ MAX Unit 

Input pin 1 MMOD 

8 | Input high voltage 1 VIH1 0.8 VDD VDD 

9 |Input high voltage 2 VIH2 Vop=4.5 V to 5.5 V 0.7 VDD VDD ' 

10 | Input low voltage 1 Vit 0 0.2 VDD 

11 | Input low voltage 2 VIL2 Vop=4.5 V to 5.5 V 0 0.3 VDD 

12 | Input leakage current ILK1 Vi=0 V to VDD +10 yA 
Input pin 2 P20, P22 to P24(Schmitt trigger input) 

13 | Input high voltage VIH3 0.8 VDD VDD 

14 | Input low voltage VIL3 0 0.2 VDD ‘ 

15 | Input leakage current ILK3 Vi=0 V to VoD +10 

16 | Input high current IIH3 La ea ” -30 -100 | -300 ' 
Input pin 3-1 =P21(Schmitt trigger input) 

17 | Input high voltage VIH4 0.8 VoD VDD 

18 | Input low voltage VIL4 0 0.2 VDD . 

19 | Input leakage current Ik4 Vi=0 V to VDD +10 

20 | Input high current Iya ea. ” -30 -100 | -300 si 
Input pin 3-2. P21(at used as ACZ) 

21 | Input high voltage 1 VDHH 4.5 Vpp 

22 | Input low voltage 1 VDLH Vss 3.5 

23 | Input high voltage 2 VDHL ne 15 Vop V 

24 | Input low voltage 2 VDLL Vss 0.5 

25 | Input leakage current ILk10 Vi=0 V to VpD +10 

26 | Input clamp current Icto Vi>VDD VI<0 V + 400 ye 
ACZ pins 

27 |Rising time trs 30 

28 |Falling time tis ie 30 si 
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'e trs >: '€ tis 3: 


Input voltage level 1—> 






( Input ) 


Input voltage level 2 


( Output ) 











Figure 1-5-5 AC Zero-Cross Detector 
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Overview 
Ta=-40 °C to +85 °C Vop=2.0 V (2.3 V) to 5.5 V Vss=0 V 
EPROM vers. is in(_ ). 
Rating 
Parameter Symbol Conditions MIN TYP MAX Unit 

Input pin4 PA 0 to PA 7 

29 | Input high voltage 1 VIH5 0.8 VDD VDD 

30 | Input high voltage 2 VIH6 Vpp=4.5 V to 5.5V 0.7 VDD VDD 

31 | Input low voltage 1 VIL5 0 0.2 VDD 

32 | Input low voltage 2 VIL6 Vpp=4.5 V to 5.5V 0 0.3 VDD 

33 | Input leakage current ILK5 Vi =0 V to VoD +2 

34 | Input high current IIHS Pilea oN ” -30 -100 -300 WA 
35 | Input low current ILS Bae a oe 30 100 300 
VO pin5 P27 (NRST) 

36 | Input high voltage VIH7 0.8 VDD VDD 

37 | Input low voltage VIL7 0 0.15 VpbbD 

38 | Input high current IIH7 Si ” -30 -100 -300 yA 
VO pin6 POO to P06, P10 to P14, P30 to P37, P40 to P47 (Schmitt trigger input) 

39 | Input high voltage VIH8 0.8 Vop Vpp 

40 | Input low voltage VIL8 0 0.2 Vop 

41 |Input leakage current ILks Vi =0 V to Vpb +10 

42 | Input high current lH ie ae . -30 -100 -300 = 
43 | Output high voltage VOH8 Vpp=5.0 V IoH=-0.5 mA 45 

44 | Output low voltage VOL8 Vpp=5.0 V loL=1.0 mA 0.5 q 
VO pin7 P50 to P54, P60 to P67 

45 | Input high voltage 1 VIH9 0.8 VDD VDD 

46 | Input high voltage 2 VIH10 Vop=4.5 V to 5.5 V 0.7 VDD VDD 

47 | Input low voltage 1 VIL9 0 0.2 VDD . 
48 | Input low voltage 2 VIL10 Vop=4.5 V to 5.5 V 0 0.3 VDD 

49 | Input leakage current ILkg Vi =0 V to Vob +10 

50 | input high current ino i a : a [4a 2 
51 | Output high voltage VOH9 Vpp=5.0 V_ loH=-0.5 mA 4.5 

52 | Output low voltage VoL9 Vop=5.0 V loL=1.0 mA 0.5 u 
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Overview 


Ta=-40 °C to +85 °C Vop=2.0 V (2.3 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 








































































































Rating 
Parameter Symbol Conditions MIN Typ MAX Unit 
Input pin8 P70 to P77 
53 | Input high voltage 1 VIH11 0.8 VDD VDD 
54 | Input high voltage 2 VIH12 Vpp=4.5 V to 5.5 V 0.7 VDD VDD 
55 | Input low voltage 1 VitwW 0 0.2 VDD : 
56 | Input low voltage 2 VIL12 Vop=4.5 V to 5.5 V 0 0.3 VDD 
57 | Input leakage current ILK11 Vi=0 V to VoD + 10 
58 | Input high current IIH14 ae ¥ -30 -100 -300 uA 
59 | Input low current a1 en 30 100 300 
60 | Output high voltage VOH11 Vpp=5.0 V_ loH=-0.5 mA 45 
61 | Output low voltage VoL11 Vpp=5.0 V loL=1.0 mA 0.5 
VO pin9 P80 to P87 
62 | Input high voltage 1 VIH13 0.8 VDD VDD 
63 | Input high voltage 2 VIH14 Vpp=4.5 V to 5.5 V 0.7 VDD VDD 
64 | Input low voltage 1 ViL13 0 0.2 VDD ‘ 
65 | Input low voltage 2 VIL14 Vop=4.5 V to 5.5 V 0 0.3 VDD 
66 | Input leakage current ILK13 Vi=0 V to VoD + 10 
67 | Input high current IH13 i ee is -30 -100 -300 - 
68 | Output high voltage VOH13 Vpp=5.0 V_ loH=-0.5 mA 45 
69 | Output low voltage VOL13 Vpp=5.0 V loL=15 mA 1.0 . 
Electrical Characteristics I-27 


Chapter 1 


1-5-4 


Overview 


A/D Converter Characteristics 


Ta=-40°C to +85 °C Vpp=2.0 V (2.3 V) to 5.5 V Vss=0 V 
EPROM vers. is in( ). 

































































Rating 
Parameter Symbol Conditions Unit 
MIN TYP MAX 
1 |Resolution 10 Bits 
2 |Nor-linearity error 1 Vpp=5.0 V Vss=0 V +3 
Dif ial i : VREF+=5.0 V VREF-=0 V 
3 ifferential non-linearity Tap=800 ns +3 
error 1 
LSB 
4 |Non-linearity error 2 Vpp=5.0 V Vss=0 V £5 
Diff ial i ; VREF+=5.0 V VREF-=0 V 
5 ifferential non-linearity fosc=32.768 kHz £5 
error 2 
6 | Zero transition voltage Vpp=5.0 V Vss=0 V 30 100 
VREF+=5.0 V VREF-=0 V mV 
7 |Full-scale transition voltage TAD=800 ns 30 100 
8 TAD=800 ns 9.6 
A/D conversion time 
fx=32.768 kHz 183 
us 
fosc=8 MHz 1.0 36 
Sampling time 
fx=32.768 kHz 30.5 
VREF+ 4 2 Vpp 
Reference voltage 
VREF- 4 Vss 3 V 
Analog input voltage VREF- VREF+ 
Analog input leakage VADIN=0 V to 5.0 V 
15 == 
current unselected channel ‘a 
; ; Hi 
16 Reference voltage pin Ladder resistor OFF + 10 
input leakage current VREF- SVREF+SVDD 
17 |Ladder resistance Rladd Vpp=5.0 V 20 50 80 kQ 
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*1 There should be more than 2 V between VREF+ and VREF-. 
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(Read) 


A17-00 


NCS 


NRE 


D7-0 


(Write) 


A17-00 


NCS 


NWE 


D7-0 
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Bus Timing (0 wait states) during Memory Expansion 


































































































<a ; >| 
tcyc 100 ns (min) 
~<a tailed 
tras 70 ns (min) taH | 5 ns (min) Address hold 
Read address set up 
| 
tavd Chip select delay tavd Chip select delay 
5 ns (max) 5 ns (max) 
~<a : >| 
trew 70 ns (min) 
Read enable width 
Y > ~< >| 
tRDS tRDH 
15 ns (min) Ons (min) 
Read data set up Read data hold 
~< : >| 
tcyc 100 ns (min) 
~<a | <a | 
twas 25 ns (min) taH | 5 ns (min) Address hold 
Write address set up 
<< | << | 
tavpd Chip select delay tavd Chip select delay 
5 ns (max) 5 ns (max) 
twew 30 ns (min) 
Write enable width 
~e > ~< >| 
twos tRDH 
35 ns (min) 2 ns (min) 


Write data set up 


Write data hold 








When the address pin and the data pin are high-impedance, the through current is generated 
at the CMOS input of the address output pin and the data output pin. Also, the through 
current can be generated at the input pin of the external memory (inc. ASIC, etc.). To prevent 
the through current, add the pull-up / pull-down resistor or the level holding circuit to the 
expansion bus line (address + data) to fix the level of the expansion bus line. (Especially for 
stand-by mode.) 
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1-6 Package Dimension 





Package Code : LQFP080-P-1414A 
Units : mm 











16.00 £0.20 











14.00 £0.10 














16.00 £0.20 





14.00 +0.10 



































0.10 £0.10 






SEATING PLANE 





0.15 £0.05 








Sealing material : EPOXY resin 
Lead material : Alloy of Cu 
Lead surface processing : Pd plate 











Figure 1-6-1 80-Pin LQFP 





The package dimension is subjected to change. Before using this product, please obtain 
: product specifications from the sales office. 











I-30 Package Dimension 


Chapter 1 Overview 


1-7 Precautions 


1-7-1 General Usage 


™Connection of VDD pin, and Vss pin 

All VDD pins should be connected directly to the power supply and all Vss pins should be connected to 
ground in the external. Please consider the LSI chip orientation before mounting it on to the printed 
circuit board. Incorrect connection may lead a fusion and break a micro controller. 


Cautions for Operation 
(1) _ If you install the product close to high-field emissions (under the cathode ray tube, etc), shield 
the package surface to ensure normal performance. 
(2) | Each model has different operating condition, 
- Operation temperature should be well considered. For example, if temperature is over the 
operating condition, its operation may be executed wrongly. 
- Operation voltage should be also well considered. If the operation voltage is over the operation 
range, it can be shortened the length of its life. If the operation voltage is below the operating 
range, it operation may be wrong. 
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1-7-2. Unused Pins 


mUnused Pins (only for output) 
Set unused pins (only for output) open. 


Output 


Figure 1-7-1 Unused Pins (only for output) 


mUnused Pins (only for input) 

Insert 10 kQ to 100 kQ resistor to unused pins (only for input) for pull-up or pull-down. If the input is 
unstable, Pch transistor and Nch transistor of input inverter are on, and through current goes to the input 
circuit. That increases current consumption and causes power supply noise. 


Input pin 


Input 
10 kQ to 100 kQ q 


10 kQ to 100 kQ 


Input | 


Input pin 


Figure 1-7-2. Unused Pins (only for input) 


«— Jhrough current 


Current 
Pch 
Input pin 
Input 
Nch 
0 5 Input voltage 


(at VDD=5 V) 
Input inverter characteristics 





Input inverter organization 


Figure 1-7-3 Input Inverter Organization and Characteristics 
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mUnused pins (for I/O) 
Unused I/O pins should be set according to pins’ condition at reset. If the output is high impedance (Pch 


/ Nch transistor : output off) at reset, to stabilize input, set 10 kQ to 100 kQ resistor to be pull-up or pull- 
down. If the output is on at reset, set them open. 







Output control Output control 





10 kQ to 100 kQ 
Output OFF 








Output OFF Data 





Data 


10 kQ to 100 kQ 


Output OFF 
Output OFF pli 





10 kQ to 100 kQ 


Data | 


10 kQ to 100 kQ 


Figure 1-7-4 Unused I/O pins (high impedance output at reset) 
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1-7-3. Power Supply 


The Relation between Power Supply and Input Pin Voltage 
Input pin voltage should be supplied only after power supply is on. If the input pin voltage is applied 
before power supply is on, a latch up occurs and causes the destruction of micro controller by a large 


current flow. 


Input Input protection resistance 


Forward current generates 
N(VDD) 


Figure 1-7-5 Power Supply and Input Pin Voltage 


The Relation between Power Supply and Reset Input Voltage 
After power supply is on, reset pin voltage should be low for sufficient time, ts, before rising, in order to 


be recognized as a reset signal. 


Power voltage 


Voltage 


Reset pin 
low level 





[ € Chapter 2. 2-5-1 Reset Operation ] 


Figure 1-7-6 Power Supply and Reset Input Voltage 
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1-7-4 Power Supply Circuit 


Cautions for Setting Circuits with VDD 

The CMOS logic microcontroller is high speed and high density. So, the power circuit should be de- 
signed, taking into consideration of AC line noise, ripple caused by LED driver. Figure 1-8-6 shows an 
example for emitter follower type power supply circuit. 


BAn Example for Emitter Follower Type Power Supply Circuit 
Set condensors for noise-filter near 


microcontroller power pins. 


Vpp 


Microcontroller 


Vss LED port 





For Noise-filter 


Figure 1-7-7 An Example for Emitter Follower Type Power Supply Circuit 
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Chapter 2. CPU Basics 


2-1 Overview 


The MN101C CPU has a flexible optimized hardware configuration. It is a high soeed CPU with a simple 
and efficient instruction set. Specific features are as follows: 


1. Minimized code sizes with instruction lengths based on 4-bit increments 
The series keeps code sizes down by adopting a minimum instruction length of one byte and 
variable instruction lengths based on 4-bit increments. 


2. Minimum instruction execution time is one system clock cycle. 


3. Minimized register set that simplifies the architecture and supports C language 
The instruction set has been determined, depending on the size and capacity of hardware, after 
an analysis of embedded application programing code and creation code by C language compiler. 
Therefore, the set is simple instruction using the minimal register set required for C language 
compiler. [¢ © "MN101C LSI User's Manual" (Architecture Instructions) ] 


Table 2-1-1 Basic Specifications 



























































Structure Load / store architecture 
Six registers Data : 8-bit x 4 
Address : 16-bit x 2 
Other PC : 19-bit 
PSW : 8-bit 
SP : 16-bit 
Instructions Number of instructions 37 
Addressing modes 9 
Instruction length Basic portion : 1 byte (min.) 
Extended portion : 0.5-byte xn 
(O<ns9) 
Basic Internal operating frequency (max.) 10 MHz 
performance ; ; ; 
Instruction execution Min. 1 cycle 
Inter-register operation Min. 2 cycles 
Load / store Min. 2 cycles 
Conditional branch 2 to 3 cycles 
Pipeline 3-stage (instruction fetch, decode, execution) 
Address space 256 KB (max. 64 KB for data) [ 2-2 Memory space] 
External bus Address 18-bit (max.) 
Data 8-bit 
Minimum bus cycle 1 system clock cycle 
Interrupt Vector interrupt 3 interrupt levels 
Low-power STOP mode 
dissipation mode 
HALT mode 
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2-1-1 Block Diagram 


Data registers 




















































DO 
Processor status word T1 «——| Clock «— Source oscillation 
Address registers D1 PSW T2 <«——, generator 
Stack pointer AO D2 
SP At D3 



































T 
Instruction execution 

















































































































ABUS controller 
BBUS 
nstruction decoder 
Program 
counter 
T 
Incrementer 
\——_/ 
Instruction Interrupt 
{ | queue controller 
r ry 
Program address Operand address 
| Interrupt bus 
Y Y 
Bus controller 
T | ry 
<I ROM bus RAM bus | > =e bs 








Y Y 











External interface Intemal peripheral 
Internal ROM Internal RAM functions 


i } 
External expansion bus 


Uses a clock oscillator circuit driven by an external crystal or ceramic resonator to supply 
clock signals to CPU blocks. 









































Clock generator 





Generates addresses for the instructions to be inserted into the instruction queue. 
Program counter _|Normally incremented by sequencer indication, but may be set to branch destination 
address or ALU operation result when branch instructions or interrupts occur. 





Instruction queue | Stores up to 2 bytes of pre-fetched instructions. 





Decodes the instruction queue, sequentially generates the control signals needed for 


Instruction decod : : ; : i : ao . 
nstuction cecoder instruction execution, and executes the instruction by controlling the blocks within the chip. 





Instruction execution {Controls CPU block operations in response to the result decoded by the instruction 
controller decoder and interrupt requests. 





Executes arithmetic operations, logic operations, shift operations, and calculates operand 


ALU : Sees : 
addresses for register relative indirect addressing mode. 





Internal ROM, RAM__|Assigned to the execution program, data and stack region. 





Stores the addresses specifying memory for data transfer. Stores the base address for 


Address register : Pot ates : 
register relative indirect addressing mode. 





Data register Holds data for operations. Two 8-bit registers can be connected to form a 16-bit register. 





Detects interrupt requests from peripheral functions and requests CPU shift to interrupt 


Interrupt controller : 
processing. 





Bus controller Controls connection of CPU internal bus and CPU external bus. 





Internal peripheral {Includes peripheral functions (timer, serial interface, A/D converter, etc.). Peripheral 
functions functions vary with model. 














Figure 2-1-1 Block Diagram and Function 
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2-1-2 CPU Control Registers 


This LSI locates the peripheral circuit registers in memory space (x'03F00' to x'03FFF') with memory- 
mapped I/O. CPU control registers are also located in this memory space. 


Table 2-1-2 CPU Control Registers 























Registers Address R/W Function Pages 

CPUM x'03F00' R/W “1 |CPU mode control register Il- 25 

MEMCTR X'03F01' RW_ |Memory control register Il- 18 

Reserved x'03FE0' - For debugger S 

NMICR X'03FE1' R/W_ {Non maskable interrupt control register lll- 16 
X'03FE2' 

xxxICR | R/W_ |Maskable interrupt control register lll- 17 to 33 
XO3FFE' 

Reserved X'O3FFF' : Reserved ( For reading interrupt vector data on interrupt process) : 














*1 Part of the register is only readable 
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2-1-3 Instruction Execution Controller 


The instruction execution controller consists of four blocks: memory, instruction queue, instruction regis- 
ters, and instruction decoder. 


Instructions are fetched in 1-byte units, and temporarily stored in the 2-byte instruction queue. Transfer 
is made in 1-byte or half-byte units from the instruction queue to the instruction register to be decoded by 
the instruction decoder. 


7 0 


a. eee, 











Memory 














{ 





§~ 
5 0 


1 byte or a half byte 








Instruction queue 





Instruction register IAM Meare st! 


Instruction decoder vy Instruction decoding 


CPU control signals 


Figure 2-1-2 Instruction Execution Controller Configuration 


Overview Il-5 


Chapter 2. CPU Basics 


2-1-4 Pipeline Process 


Pipeline process means that reading and decoding are executed at the same time on different instruc- 
tions, then instructions are executed without stopping. Pipeline process makes instruction execution 
continual and speedy. This process is executed with instruction queue and instruction decoder. 


Instruction queue is buffer that fetches the second instruction in advance. That is controlled to fetch the 
next instruction when instruction queue is empty at each cycle on execution. At the last cycle of instruc- 
tion execution, the first word (operation code) of executed instruction is stored to instruction register. At 
that time, the next operand or operation code is fetched to instruction queue, so that the next instruction 
can be executed immediately, even if register direct (da) or immediate (imm) is needed at the first cycle 
of the next instruction execution. But on some other instruction such as branch instruction, instruction 
queue becomes empty on the time that the next operation code to be executed is stored to instruction 
register at the last cycle. Therefore, only when instruction queue is empty, and direct address (da) or 
immediate data (imm) are needed, instruction queue keeps waiting for a cycle. 


Instruction queue is controlled automatically by hardware so that there is no need to be controlled by 
software. But when instruction execution time is estimated, operation of instruction queue should be into 
consideration. Instruction decoder generates control signal at each cycle of instruction execution by 
micro program control. Instruction decoder uses pipeline process to decode instruction queue at one 
cycle before control signal is needed. 


2-1-5 Registers for Address 


Registers for address include program counter (PC), address registers (AO, A1), and stack pointer (SP). 


mProgram Counter (PC) 

This register gives the address of the currently executing instruction. It is 19 bits wide to provide access 
to a 256 KB address space in half byte (4-bit increments). The LSB of the program counter is used to 
indicate half byte instruction. The program counter after reset is stored from the value of vector table at 
the address of 4000. 





Program 


PC counter 
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Address Registers (AO, A1) 

These registers are used as address pointers specifying data locations in memory. They support the 
operations involved in address calculations (i.e. addition, subtraction and comparison). Those pointers 
are 2 bytes data. Transfers between these registers and memory are always in 16-bit units. Either odd or 


even address can be transferred. At reset, the value of address register is undefined. 
15 0 


| 
ees 


Stack Pointer (SP) 
This register gives the address of the byte at the top of the stack. It is decremented during push opera- 
tions and incremented during pop operations. At reset, the value of SP is undefined. 


15 0 


2-1-6 Registers for Data 


Registers for data include four data registers (DO, D1, D2, D3). 


mData Registers (DO, D1, D2, D3) 

Data registers DO to D3 are 8-bit general-purpose registers that support all arithmetic, logical and shift 
operations. All registers can be used for data transfers with memory. 

The four data registers may be paired to form the 16-bit data registers DWO (D0+D1) and DW1 (D2+D3). 
At reset, the value of Dn is undefined. 





Data DO Dwo 
registers D3 | D2 Dwi 
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2-1-7 Processor Status Word 


Processor status word (PSW) is an 8-bit register that stores flags for operation results, interrupt mask 
level, and maskable interrupt enable. PSW is automatically pushed onto the stack when an interrupt 
occurs and is automatically popped when return from the interrupt service routine. 


7 6 5 4 3 2 1 0 





PSW Reserved} MIE IM1 IMO VF NF CF ZF (Atreset:0000 0000) 
































ZF Zero flag 





0 Operation result is not "0". 
1 Operation result is "0". 














CF Carry flag 





A carry or a borrow from MSB 
did not occur. 

A carry or a borrow from MSB 
occured. 














NF Negative flag 





0 MSB of operation results is "0". 
1 MSB of operation results is "1". 

















VF Overflow flag 








0 Overflow did not occur. 
1 Overflow occured. 














IM1 to 0} Interrupt mask level 











Controls maskable interrupt acceptance. 

















MIE | Maskable interrupt enable 








All maskable interrupts are 





0 disabled. 
{ (xxxLVn,xxxlE) for each interrupt 
are enabled. 




















—| Reserved | Set always "0". 











Figure 2-1-3 Processor Status Word (PSW) 
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Zero Flag (ZF) 
Zero flag (ZF) is set to "1", when all bits are '0' in the operation result. Otherwise, zero flag is cleared to 
"oO". 


Carry Flag (CF) 
Carry flag (CF) is set to"1", when a carry from or a borrow to the MSB occurs. Carry flag is cleared to 
"0", when no carry or borrow occurs. 


mNegative Flag (NF) 
Negative flag (NF) is set to "1" when MSB is '1' and reset to "0" when MSB is '0'. Negative flag is used 
to handle a signed value. 


Overflow Flag (VF) 

Overflow flag (VF) is set to "1", when the arithmetic operation results overflow as a signed value. Other- 
wise, overflow flag is cleared to "0". 

Overflow flag is used to handle a signed value. 


Interrupt Mask Level (IM1 and IMO) 

Interrupt mask level (IM1 and IMO) controls the maskable interrupt acceptance in accordance with the 
interrupt factor interrupt priority for the interrupt control circuit in the CPU. The two-bit control flag 
defines levels '0' to '3'. Level 0 is the highest mask level. The interrupt request will be accepted only 
when the level set in the interrupt level flag (xxxLVn) of the interrupt control register (xxxICR) is higher 
than the interrupt mask level. When the interrupt is accepted, the level is reset to IM1-IMO, and interrupts 
whose mask levels are the same or lower are rejected during the accepted interrupt processing. 


Table 2-1-3 Interrupt Mask Level and Interrupt Acceptance 





























Interrupt mask level 
Priority Acceptable interrupt levels 
IM1 IMO 
Mask level 0 0 0 High Non-maskable interrupt (NMI) only 
Mask level 1 0 1 : NMI, Level 0 
Mask level 2 1 0 : NMI, Level 0 to 1 
Mask level 3 1 1 Low NMI, Level 0 to 2 























m@Maskable Interrupt Enable (MIE) 

Maskable interrupt enable flag (MIE) enables/disables acceptance of maskable interrupts by the CPU's 
internal interrupt acceptance circuit. A '1' enables maskable interrupts; a '0' disables all maskable inter- 
rupts regardless of the interrupt mask level (IM1-IMO) setting in PSW. 

This flag is not changed by interrupts. 
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2-1-8 Addressing Modes 


This LSI supports the nine addressing modes. 


Each instruction uses a combination of the following addressing modes. 


1) Register direct 

2) Immediate 

3) Register indirect 

4) Register relative indirect 
5) Stack relative indirect 
6) Absolute 

7) RAM short 

8) I/O short 

9) Handy 


These addressing modes are well-suited for C language compilers. All of the addressing modes can be 
used for data transfer instructions. In modes that allow half-byte addressing, the relative value can be 
specified in half-byte (4-bit) increments, so that instruction length can be shorter. Handy addressing 
reuses the last memory address accessed and is only available with the MOV and MOVW instructions. 
Combining handy addressing with absolute addressing reduces code size. For transfer data between 
memory, 7 addressing modes ; register indirect, register relative indirect, stack relative indirect, abso- 
lute, RAM short, I/O short, handy can be used. For operation instruction, register direct and immediate 
can be used. Refer to instruction's manual for the MN101C series. 





This LSI is designed for 8-bit data access. It is possible to transfer data in 16-bit increments 
with odd or even addresses. 
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Table 2-1-4 Addressing Modes 


Effective address Explanation 
Directly specifies the register. Only internal 
registers can be specified. 
Directly specifies the operand or mask 
value appended to the instruction code. 
15 0 


Addressing 


mode 


Dn/DWn 
An/SP 
PSW 


imm4/imm8& 
imm16 


Register direct 


Immediate 


Register indirect 


(d16, An) 
Register relative 
indirect 
(d4, PC) 
(branch instructions only) 


(d7, PC) 


i (branch instructions on 


H (d11, PC) 
branch instructions on! 


(d12, PC) 


; (branch instructions on 











i (d16, PC) 
(branch instructions only 


Stack relative 
indirect 
(d8, SP) 


(d16, SP) 


Absolute aiss) 


(abs12) 


(abs16) 


i (abs18) 
i (branch instructions only) 


RAM short 


I/O short 


An+d16 


17 OH 
PC+d4 LU 


7 
PPC 


17 OH 
PC+d11 U 


17 OH 
PC+d12 i 

17 OH 
PC+d16 U 


15 0 


15 0 


SP+d8 


15 0 


SP+d16 


7 


0 
11 0 
15 0 


IOTOP+i08 





Specifies the address using an address 
register. 


Specifies the address using an address 
register with 8-bit displacement. 


Specifies the address using an address 
register with 16-bit displacement. 


Specifies the address using the program 
counter with 4-bit displacement and H bit. 


Specifies the address using the program 
counter with 7-bit displacement and H bit. 


Specifies the address using the program 
counter with 11-bit displacement and H bit. 


Specifies the address using the program 
counter with 12-bit displacement and H bit. 


1 


Specifies the address using the program 
counter with 16-bit displacement and H bit. 


1 


Specifies the address using the stack 
pointer with 4-bit displacement. 


Specifies the address using the stack 
pointer with 8-bit displacement. 


Specifies the address using the stack 
pointer with 16-bit displacement. 


Specifies the address using the operand 
value appended to the instruction code. 
Optimum operand length can be used to 
specify the address. 


Specifies an 8-bit offset from the address 
x'00000'. 


Specifies an 8-bit offset from the top address 
(x'03F00') of the special function register area. 


Reuses the last memory address accessed 
and is only available with the MOV and 
MOVW instructions. Combined use with 
absolute addressing reduces code size. 


*1 H: half-byte bit 
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2-2 Memory Space 


2-2-1 Memory Mode 


ROM is the read only area and RAM is the memory area which contains readable/writable data. In 
addition to these, peripheral resources such as memory-mapped special registers are allocated. The 
MN101C series supports three memory modes (single chip mode, memory expansion mode, processor 


mode) in its memory model. Setting of each mode is different. 


In single chip mode, the system consists of only internal memory. In memory expansion mode, and 


processor mode, ROM, RAM and external device for operation can be connected. 


Settings for each modes are as follows ; 














Table 2-2-1 Memory Mode Setup 
: EXMEM flag in EXADV3 to 1 flag in 
Se MMEB PIN (MEMCTR register) (EXADV register) 
Single chip mode L 0 - 
Memory expansion L { Ot 
mode 
Processor mode H - - 




















MMOD pin should be fixed to "L" level, or "H" level. Do not change the setup of MMOD pin 
after reset. 
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2-2-2 Single-chip Mode 


In single-chip mode, the system consists of only internal memory. This is the optimized memory mode 
and allows construction of systems with the highest performance. 


The single-chip mode uses only internal ROM and internal RAM. The MN101C series devices offer up to 
12 KB of RAM and up to 224 KB of ROM. 












































x'00000' 
Abs 8 addressing 
256 bytes access area 
Internal 
6144 bytes x'00100' RAM space 
i Data 
x'01800' 
A x'03F00' ; : : 
256 bytes Special function registers 
v 
A 4 x'04000' 4 
Interrupt 
128 ll vector table 
A x'04080' F 
Subroutine 
64 bytes y vector table inteniale 
96 KB x'040C0' ROM space 
Instruction code/ 
table data 
v x'1BFFF' v 
MMOD pin = L 
Figure 2-2-1 Single-chip Mode 
* Differs depending upon the model. 
[¢ Table 2-2-2. Internal ROM / Internal RAM ] 
Table 2-2-2 Internal ROM / Internal RAM 
Internal RAM Internal ROM 


Model 


* Note that x'1BFFF' of the MN101CP28 is reserved for ROM option. 
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2-2-3 


Memory Expansion Mode 


The MN101C series can connect external ROM, RAM and external devices for operation in memory 
expansion mode. This is the mode to expand to external memory while using internal ROM and RAM. 


The memory expansion mode is set by assigning EXMEM flag (bp4) of the memory control register 
(MEMCTR), on single chip mode. The pins A8 to A 17 of the address expansion control register 


(EXADV) control the address output to pins by setting the bit 7 to bit 5 of the EXADV. 
Memory areas can be externally expanded as follows : 


ROM: x'20000'-x'3FFFF' (128 KB) 
RAM: x'02F00'-x'03EFF' (4 KB) 
















































































we bigs x'00000' abs8 addressing A 
. GISSESS GUO! Internal RAM * 
x'00100' pata vote A 
16 KB External expansion la Pr 
Garon x'03EFF' 
x' Special registers 
1 256 bytes function area 
A x'04000' Interrupt A 
128 bytes vector table 
5 x'04080' Subroutine 
32 bytes vector table 
96 KB ~~ ¥'040C0' Internal ROM 
Instructions, 
Table data 
Y Y 
x'1BFFF' 
x'20000' 
External expansion 
128 KB 
Instructions x'3FFEF' 
MMOD pin=L 
EXMEM flag=1 


Figure 2-2-2 Memory Expansion Mode 


* Differs depending upon the model. 
[¢ Table 2-2-2. Internal ROM / Internal RAM ] 
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2-2-4 Processor Mode 


This mode accesses the external expansion ROM and RAM, ignoring any internal ROM present. 


For processor mode, set the MMOD pin to high. 
Memory areas can be externally expanded as follows: 


ROM: x'04000'-x'3FFFF' (240 KB) 
RAM: x'02F00'-x'03EFF' (4 KB) 





















































x'00000' abs8 addressing * 
256 bytes eens AOA Internal RAM 
x'00100' Data 
x'01800' 
16 KB 
External expansion ener 4KB 
RAM x'O3EFF' 
peeiew Vs 03F00 Special registers 
function area 
4 Interru xoao00' 4 t 
pt 
vector table i oe 
Subroutine x04080" 4 64 bytes 
vector table Y z 
x'040C0' 48 KB 
240 KB Instructions, 
table data 
Y 
x'10000' 
Instruction code 
Y x'3 FFFF' 
MMOD pin=H ee 


EXMEM flag=don't care 
Figure 2-2-3 Processor Mode 


* Differs depending upon the model. 
[€ Table 2-2-2. Internal ROM / Internal RAM ] 
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Registers 


ion 


Special Funct 


2-2-5 


The MN101C series locates the special function registers (I/O spaces) at the addresses x'03F00' to 


x'O3FFF' in memory space. The special function registers of this LSI are located as shown below. 


Table 2-2-3 Register Map 
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2-3 Bus Interface 


2-3-1 Bus Controller 


The MN101C series provides separate buses to the internal memory and internal peripheral circuits to 
reduce bus line loads. Therefore, this series realizes faster operation. 


There are four such buses: ROM bus, RAM bus, peripheral expansion bus (I/O bus), and external 
expansion bus. They connect to the internal ROM, internal RAM, internal peripheral circuits, and external 
interfaces respectively. The bus control block controls the parallel operation of instruction read and data 
access, the access speed adjustment for low-speed external devices. A functional block diagram of the 
bus controller is given below. 








Instruction Interrupt 
queue Program address Operand address control 



















































Bus controller 





Interrupt 
bus 


Memory control register 


Memory mode setting 
Bus access (wait) 
control 


























Address decode 
Bus 
arbitor 





















































Peripheral 
extension bus 













Internal 
Internal RAM peripheral functions 




















External interface 

















Internal ROM 








External extension bus 





A D 


Figure 2-3-1 Functional Block Diagram of the Bus Controller 


In memory expansion mode or processor mode, the external expansion bus can access external device. 
Memory control register (MEMCTR) can be used to select the access mode, fixed wait cycle mode or 
handshake mode. Wait cycle setting to peripheral expansion bus, connected to internal peripheral cir- 
cuits is available. 
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2-3-2 Control Registers 


Bus interface is controlled by 2 registers : the memory control register (MEMCTR) and the expansion 
address control register (EXADV). 


™Memory Control Register (MEMCTR) 

































































7 6 5 4 3 2 1 0 
MEMCTR | IOW1 | lOWO | IVBA |EXMEM| EXWH|] IRWE | EXW1 | EXWO (At reset:11001011) 
Fixed wait cycles Bus cycle at 
Exo @ 20 MHz oscillation 
00 No wait cycles 100 ns 
01 1 wait cycle 150 ns 
10 2 wait cycles 200 ns 
11 3 wait cycles 250 ns 
IRWE Software write enable flag for interrupt request 





Software write disable 

0 Even if data is written to each interrupt control 
register (xxxICR), the state of the interrupt 
request flag (xxxIR) will not change. 























1 Software write enable 

EXWH Fixed wait cycle mode or handshake mode 
0 Handshake mode 
1 Fixed wait cycle mode 

















EXMEM Memory expansion mode 
































0 Do not expand external memory 
1 Expand external memory 
IVBA Base address setting for interrupt vector table 
0 Interrupt vector base = x'04000' 
1 Interrupt vector base = x'00100' 
Wait cycles when Bus cycle at 








lOW1 to 0 accessing special register area | 20 MHz oscillation 


























00 No wait cycles 100 ns 
01 1 wait cycle 150 ns 
10 2 wait cycles 200 ns 
11 3 wait cycles 250 ns 





Figure 2-3-2 Memory Control Register (MEMCTR: x'3F01' R/W) 
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© The EXW1-EXW0 wait settings affect accesses to external devices in the processor mode 
Ga and memory expansion mode. After reset, MEMCTR specifies the fixed wait cycle mode with 
three wait cycles. 








dresses x'3F00'-x'3FFF'. After reset, MEMCTR specifies the fixed wait cycle mode with three 
wait cycles. Wait setting of IOW is a function, which CPU supports for special use, for ex- 
ample, when special function register or I/O is expanded to external. For this LSI, wait cycle 
setting is not always necessary. Select "no-wait cycle" for high performance system con- 
struction. 





Ca The lOW1-IOWO wait settings affect accesses to the special registers located at the ad- 











mExpansion Address Control Register (EXADV) 


7 6 5 4 3 2 1 0 
EXADV  |EXADV3/EXADV2/EXADV1])  - - : - 2 (At reset :000----- ) 



































P73 - P70 "A11 - A8" address output 











EAADM during memory expansion mode. 
0 General port 
1 "A11 to A8" address output 














EXxADV2 | P77- P74"A15- A12" address output 
during memory expansion mode. 



































0 General port 

1 "A15 to A12" address output 
aan | ee ae 

0 General port 

1 "A17, 16" address output 





Figure 2-3-3 Expansion Address Control Register (EXADV : x'03FOE', R/W) 





In memory expansion mode, unused address pins can be used as general ports. 
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2-3-3 Fixed Wait Cycle Mode 


This mode accesses ROM, RAM, or other low-speed devices connected to the external expansion bus 
by inserting the number of wait cycles specified in the external fixed wait counter (EXW) field of the 
memory control register (MEMCTR). 


Fixed wait cycle mode is used to automatically insert the number of wait cycles specified by the fixed wait 
counter (EXWn) in the MEMCTR. After reset, MEMCTR specifies the fixed wait cycle to three wait 
cycles. To change to handshake mode or to use a different number, modify the appropriate bits in 
MEMCTR. 


2-3-4 Handshake Mode 


Handshake mode uses the interlock control method in the data transfer sequence , with a transfer enable 
signals (NRE, NWE) and a data acknowledge signal (NDkK). 


Handshake mode adjusts the wait cycle for each external device that has a different access speed when 
the DK generation circuit is provided for each device. CPU of this LSI keeps waiting until the reception of 
data acknowledge signal to ensure sufficient wait time so that external device can receive data with no 
error. [¢ "MN101C LSI User's Manual" (Architecture Instructions) ] 





On handshake mode, watchdog timer can be used to detect NDK not received error. 
The reception of NDK is waited until the non-maskable interrupt is generated by the overflow 


of watchdog timer. 
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Access Timing with No Wait Cycles 
The NRE or NWE timing is determined based on OSC2. However, since the delay from OSC2 to RE or 


WE varies depending upon the product, use NRE or NWE as the reference when synchronizing with 
other devices. Operation timing is same as the timing at NORMAL mode (OSC high oscillation selec- 


tion). 


OSC2 








NDK(input) 











NWE 


wg 
write: : read 





Figure 2-3-4 ROM and RAM Access Timing with No Wait Cycles 


Access Timing with 1 Wait Cycle 
Access timing with 2 or 3 wait cycles follows the same pattern. The latter part of the cycle is extended 


= FILL 


NDK(input) — 2. Les Ls CU 
azo ———{ EO 














NWE 








write : : read 


Figure 2-3-5 ROM and RAM Access Timing with 1 Wait Cycle 
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2-3-5 External Memory Connection Example 


HROM Connection Example (processor mode) 
This example shows connection to ROM. 





This LSI 






































ROM 
x'00000' 
A17 to AO >| A17 to AO 
D7 to Dd~« D7 to DO 
x'04000' 
NCS > NCS 
NRE >) NRE External ROM area 
XSFFFF' 
MMOD 

















Figure 2-3-6 ROM Connection Example 


BSRAM Connection Example 
This example shows connection to SRAM. 
The external expansion RAM area is x'02F00' to x'03EFF'. 


This LSI 





























SRAM 
A17 to AO >| A17 to AO 
x'02F00' 
D7 to DO +~———————— D7 to DO External RAM area 

x'O3EFF' 

NCS > NCS 

NRE >| NRE 

NWE >| NWE 











II - 22 


Bus Interface 




















Figure 2-3-7 SRAM Connection Example 
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2-4 Standby Function 


2-4-1 Overview 


This LSI has two sets of system clock oscillator (high speed oscillation, low speed oscillation) for two 
CPU operating modes (NORMAL and SLOW), each with two standby modes (HALT and STOP). Power 
consumption can be decreased with using those modes. 







































































































































































CPU operation mode STANDBY mode 
Interrupt = = 
I —= ST OPK = 
NORMAL mode =OSC:Halt = 
Program 5 7 =XI: Halt =| 
NORMAL 
Reset OSC: Oscillation / \ 
XI: Oscillation 
Interrupt E = 
A = HALT 0 | 
E OSC: Oscillation3 
w= XI: Oscillation 5 
Program 4 
Program 3 
STOP mode 
IDLE 
OSC: Oscillation 
XI: Oscillation 
Program1 
HALT mode 
Program 2 
Interrupt = = 
——_——_e\xrmreow n= STOP!1 = 
EOSC:Halt = 
SLOW se XI: Halt = 
OSC: Halt Program 5 
XI: Oscillation NY =e 
ee Interrupt E = 
SLOW mode E Osc. Halt 4 
EXI: Oscillation 5 
Program 4 t 




















‘CPU halt ———<= : Wait period for oscillation stabilization is inserted OSC: High-frequency oscillation clock 
XI: Low-frequency oscillation clock (32 kHz) 








Figure 2-4-1 Transition Between Operation Modes 
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BHALT Modes (HALTO, HALT1) 

— The CPU stops operating. But both of the oscillators remain operational in HALTO and only the high- 
frequency oscillator stops operating in HALT1. 

— An interrupt returns the CPU to the previous CPU operating mode that is, to NORMAL from HALTO or 
to SLOW from HALT1. 


BSTOP Modes (STOPO, STOP1) 

— The CPU and both of the oscillators stop operating. 

— Aninterrupt restarts the oscillators and, after allowing time for them to stabilize, returns the CPU to the 
previous CPU operating mode - that is, to NORMAL from STOPO or to SLOW from STOP1. 


BSLOW Mode 
— This mode executes the software using the low-frequency clock. Since the high-frequency oscillator is 
turned off, the device consumes less power while executing the software. 


m/DLE Mode 
— This mode allows time for the high-frequency oscillator to stabilize when the software is changing from 
SLOW to NORMAL mode. 


To reduce power dissipation in STOP and HALT modes, it is necessary to check the stability of both the 
output current from pins and port level of input pins. For output pins, the output level should match the 
external level or direction control should be changed to input mode. For input pins, the external level 
should be fixed. 

The MN101C30 series has two system clock oscillation circuits. OSC is for high-frequency operation 
(NORMAL mode) and XI is for low-frequency operation (SLOW mode). Transition between NORMAL 
and SLOW modes or to standby mode is controlled by the CPU mode control register (CPUM). Reset 
and interrupts are the return factors from standby mode. A wait period is inserted for oscillation stabiliza- 
tion at reset and when returning from STOP mode, but not when returning from HALT mode. High/low- 
frequency oscillation mode is automatically returned to the same state as existed before entering 
standby mode. 





oscillation (fosc) and low speed oscillation (fx), fosc should be set to 2.5 times or higher 


<c To stabilize the synchronization at the moment of switching clock speed between high speed 
cg frequency than fx. 
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2-4-2 CPU Mode Control Register 


Transition from one mode to another mode is controlled by the CPU mode control register (CPUM). 


7 6 5 4 3 2 1 0 


CPUM - | RESERVED | RESERVED | RESERVED | STOP | HALT |OSC1 /OSCO 
At reset : - 0 0 0 0 0 0 0 


7 
ITS _ 






































Set always "0". 


























oe STOP | HALT | OSC1 | OSCO ee XI/XO Pica CPU 
NORMAL 0 0 0 0 = |Oscillation|Oscillation| fosc/2 | Operating 
IDLE 0 0 0 1 Oscillation|Oscillation fx/4 Operating 
SLOW 0 0 1 1 Halt {Oscillation fx/4 Operating 
HALTO 0 1 0 0 = Oscillation|Oscillation| fosc/2 Halt 
HALT1 0 1 1 1 Halt Oscillation fx/4 Halt 
STOPO 1 0 0 0 Halt Halt Halt Halt 
STOP1 1 0 1 1 Halt Halt Halt Halt 



































Figure 2-4-2. Operating Mode and Clock Oscillation (CPUM : x'3F00', R/W) 


The procedure for transition from NORMAL to HALT or STOP mode is given below. 


(1) If the return factor is a maskable interrupt, set the MIE flag in the PSW to "1" and set the interrupt 
mask (IM) to a level permitting acceptance of the interrupt. 

(2) Clear the interrupt request flag (xxxIR) in the maskable interrupt control register (xxxICR) , set the 
interrupt enable flag (xxxlE) for the return factor, and set the IE flag in the PSW. 

(3) Set CPUM to HALT or STOP mode. 


Set the IRWE flag of the memory control register (MEMCTR) to clear interrupt request flag 
by software. 


The system clock (fs) is fosc/2 at NORMAL mode, and fx/4 at SLOW mode. 











= 
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2-4-3 Transition between SLOW and NORMAL 


This LSI has two CPU operating modes, NORMAL and SLOW. Transition from SLOW to NORMAL 


requires passing through IDLE mode. 


A sample program for transition from NORMAL to SLOW mode is given below. 





Program 1 





MOV x'3', DO 
MOV DO, (CPUM) 


; Set SLOW mode. 








Transition from NORMAL to SLOW mode, when the low-frequency clock has fully stabilized, can be 
done by writing to the CPU mode control register. In this case, transition through IDLE is not necessary. 


For transition from SLOW to NORMAL mode, the program must maintain the idle state until high-fre- 
quency clock oscillation is fully stable. In IDLE mode, the CPU operates on the low-frequency clock. 








For transition from SLOW to NORMAL, oscillation stabilization waiting time is required same 


| as that after reset. Software must count that time. 
s We recommend selecting the oscillation stabilization time after consulting with oscillator 


manufacturers. 








Sample program for transition from SLOW to NORMAL mode is given below. 














Program 2 
MOV x'01', DO ; Set IDLE mode. 
MOV DO, (CPUM) 
Program 3 
MOV x'0B', DO ; A loop to keep approx. 6.7 ms with low-frequency clock (32 kHz) 
LOOP ADD -1,D0O ; operation when changed to high-frequency clock (20 MHz). 
BNE LOOP ; 
SUB DO, DO ; 
MOV DO, (CPUM) ; Set NORMAL mode. 
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Refer the following cautions to initiate the program on the transition to SLOW mode in case 


where the execution time at NORMAL mode is too short. 


After the transition to NORMAL mode from SLOW mode, if the mode is returned to SLOW 
again during 2 to 4 cycles of the low speed oscillation clock, the short pulse can be generated 


in the system of the clock causing errors. 





SLOW IDLE NORMAL SLOW 
CPU mode : 
control x'03' x01" 
register(CPUM) 


time 
61.0 us to 122.0 us(Xl=32.768 kHz) 


If the mode will be switched to SLOW again, 
the execution time of NORMAL mode should be 
not in this duration. 














The following (1) or (2) should be executed on the program by the software. 


(1) When the execution time at NORMAL is above that duration. 


The following program should be inserted to make the waiting time for more than 4 
cycles of low speed oscillation clock, before the transition from NORMAL to SLOW. 























(2) When the execution time at NORMAL is above that duration, also its possibility will be 


cleared at IDLE. 


Set the program for switching to SLOW mode, not to NORMAL mode from IDLE. 


eae High speed Setting value of 

Program for waiting time oscillation WAIT_CONST 

MOV WAIT_CONST, DO clock [MHz] (decimal) 
LOOP NOP 17 195 

NOP 18 206 

NOE 19 218 

ADD -1, DO 20 909 

BNE LOOP 

low speed oscillation clock = 32.768 kHz 
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2-4-4 Transition to STANDBY Modes 


The program initiates transitions from a CPU operating mode to the corresponding STANDBY (HALT/ 
STOP) modes by specifying the new mode in the CPU mode control register (CPUM). Interrupts initiate 


the return to the former CPU operating mode. 


Before initiating a transition to a STANDBY mode, however, the program must 


(1) | Set the maskable interrupt enable flag (MIE) in the processor status word (PSW) to '0' to disable 


all maskable interrupts temporarily. 


(2) Set the interrupt enable flags (xxxlE) in the interrupt control registers (xxxICR) to '1' or '0' to 
specify which interrupts do and do not initiate the return from the STANDBY mode. Set MIE '1' to 


enable those maskable interrupts. 


{ NORMAL/SLOW_ \ 
\ mode } 





All interrupts disabled 








Enable interrupt which 
will trigger return 








Set HALT/STOP 
mode 














Processing inside parentheses () is handled by hardware. 


When returning from STOP * 
mode, wait for oscillation to) 


stabilize 


NORMAL/SLOW 
mode 





Interrupt acceptance cycle 

















Clear MIE flag in the PSW and all interrupt enable flags (xxx IE) 
in the maskable interrupt control register. 


Set the xxx IE of the return factor, 


and set MIE flag in the PSW. 
HALT/STOP. Watchdog timer 
mode . HALT: stop counting 
STOP: reset 








wax Return factor interrupt 
occured 


Watchdog timer 
HALT: restarts counting 
STOP: disabled 


Figure 2-4-3 Transition to/from STANDBY Mode 








or higher than the mask level in PSW before transition to HALT or STOP mode, it is impos- 


C If the interrupt is enabled but interrupt priority level of the interrupt to be used is not equal to 
sible to return to CPU operation mode by maskable interrupt. 
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Transition to HALT modes 

The system transfers from NORMAL mode to HALTO mode, and from SLOW mode to HALT1 mode. 
The CPU stops operating, but the oscillators remain operational. There are two ways to leave a HALT 
mode: a reset or an interrupt. A reset produces a normal reset; an interrupt, an immediate return to the 
CPU state prior to the transition to the HALT mode. The watchdog timer, if enabled, resumes counting. 

















Program 4 
MOV x'4', DO ; Set HALTO mode. 
MOV DO, (CPUM) 
NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 

Program 5 
MOV x'7', DO ; Set HALT1 mode. 
MOV DO, (CPUM) 
NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 











Transition to STOP mode 

The system transfers from NORMAL mode to STOPO mode, and from SLOW mode to STOP1 mode. In 
both cases, oscillation and the CPU are both halted. There are two ways to leave a STOP mode: a reset 
or an interrupt. 











Program 6 
MOV x'8', DO ; Set STOPO mode 
MOV DO, (CPUM) 
NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 

Program 7 
MOV x'B', DO ; Set STOP1 mode 
MOV DO, (CPUM) 
NOP ; After written in CPUM, some NOP 
NOP ; instructions (three or less) are 
NOP ; executed. 














Right after the instruction of the transition to HALT, STOP mode, NOP instruction should be 
inserted 3 times. 
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2-5 Reset 


2-5-1 Reset operation 


The CPU contents are reset and registers are initialized when the NRST pin (P27) is pulled to low. 


B\nitiating a Reset 
There are two methods to initiate a reset. 
(1) Drive the NRST pin low. 
NRST pin should be held "low" for more than OSC 4 clock cycles (200 ns at a 20 MHz). 


NRST pin 














—— 4 clock cycles 
' (200 ns at a 20 MHz) 


Figure 2-5-1 Minimum Reset Pulse Width 


(2) Setting the P2OUT7 flag of the P2OUT register to "0" outputs low level at P27 (NRST) pin. And 
transferring to reset by program (software reset) can be executed. If the internal LSI is reset 
and register is initiated, the P2OUT7 flag becomes "1" and reset is released. 

[a Chapter 4. 4-4-2 Registers ] 





level time at sudden unconnected. And reset can be generated even if NRST pin is held "low" 


C When NRST pin is connected to low power voltage, circuit that gives pulse for enough low 
for less than OSC 4 clock cycles, take notice of noise. 
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mSequence at Reset 

(1) | When reset pin comes to high level from low level, the internal 14-bit counter ( It can be used as 
watchdog timer, too.) starts its operation by system clock. The period from starting its count from 
its overflow is called oscillation stabilization wait time. 

During reset, internal register and special function register are initiated. 

After oscillation stabilization wait time, internal reset is released and program is started 

from the address written at address x'04000' at interrupt vector table. 


B® 





VDD 





NRST 


OSC2IXO —— xr] 


‘Oscillation stabilization 
‘wait time 
































internal RST 








Figure 2-5-2 Reset Released Sequence 


MN101C51 series bring the oscillation to a halt during the NRST pin (p27) is low level. 
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2-5-2 Oscillation Stabilization Wait time 


Oscillation stabilization wait time is the period from the stop of oscillation circuit to the stabilization for 
oscillation. Oscillation stabilization wait time is automatically inserted at releasing from reset and at 
recovering from STOP mode. At recovering from STOP mode the oscillation stabilization wait time con- 
trol register (DLYCTR) is set to select the oscillation stabilization wait time. At releasing from reset, 
oscillation stabilization wait time is fixed. 


The timer that counts oscillation stabilization wait time is also used as a watchdog timer at anytime 
except at releasing from reset and at recovering from STOP mode. Watchdog timer is initiated at reset 
and at STOP mode and starts counting from the initialize value (x'0000') when system clock (fs) is as 
clock source. After oscillation stabilization wait time, it continues counting as a watchdog timer. 

[@ Chapter 8 Watchdog timer ] 


Block Diagram of Oscillation Stabilization Wait Time (watchdog timer) 










































































































































































WDCTR, 
WDEN 
reset input [> fe Set | 
vy [ie = ote i 
y R = 7 
é > Internal reset release 
fs/2° —_» 4 
MUX 
fs/2'° ——» 
fs/2'* ——» 
y 
overflow R | overflow 
fs | --—— 1/2"° >| 4/4. ————> WDIRQ 
DLYCTR 
{ DLYSO 
DLYS1 
{ |BUZCKo 
\ [BUZCK1 
BUZOE 7 }-——» buzzer 
a 
1/2° 





{____'e_ 

















Figure 2-5-3 Block Diagram of Oscillation Stabilization Wait Time (watchdog timer) 
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Oscillation Stabilization Wait Time Control Register 


7 6 5 4 3 2 1 0 





DLYCTR = |BUZOE]|BUZCK1|BUZCKO} —- - - DLYS1/DLYSO (At reset:0xx---00) 
































Oscillation stabilization 
wait period selection 





DLYS1 | DLYSO 














0 0 fs/2'4 
1 | fs/2'0 
0 fs/26 
1 Do not set. 





Note : After reset is released, the oscillation 
stabilization wait period is fixed at fs/2"4. 








Buzzer output 
BUZCK1/BUZCKO frequency selection 





























0 | fs/212 
0 

1 | fs/21! 
4 0 | fs/21° 

1 fs/29 














BUZOE P06 output selection 





0 PO6 port data output 
1 PO6 buzzer output 

















Figure 2-5-4 Oscillation Stabilization Wait Time Control Register (DLYCTR : x'03F03', R/W) 


Control the Oscillation Stabilization Wait Time 
At recovering from STOP mode, the bit 1-0 (DLYS1, DLYSO) of the oscillation stabilization wait time 
control register can be set to select the oscillation stabilization wait time from 2", 2°, 2° x system clock. 
The DLYCTR register is also used for controlling of buzzer functions. 

[@ Chapter 9 Buzzer ] 


At releasing from reset, the oscillation stabilization wait time is fixed to "2'4 x system clock". System clock 
is determined by the CPU mode control register (CPUM). 


Table 2-5-1 Oscillation Stabilization Wait Time 


P Oscillation stabilization wait time 
sae (amet (at fosc = 20 MHz) 


2'* x Systemclock 1.6384 ms 


oe el 
of + [2 Systemeock sf 02s 
Pf of ae systemcock iC 
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3-1 Overview 


This LSI speeds up interrupt response with circuitry that automatically loads the branch address to the 
corresponding interrupt service routine from an interrupt vector table : reset, non-maskable interrupts 
(NMI), 12 maskable peripheral interrupts, and 5 external interrupts. 


For interrupts other than reset, the interrupt processing sequence consists of interrupt request, interrupt 
acceptance, and hardware processing. After the interrupt is accepted, the program counter (PC) and 
processor status word (PSW) and handy addressing data (HA) are saved onto the stack. And an inter- 
rupts handler ends by restoring, using the POP instruction and other means, the contents of any regis- 
ters used during processing and then executing the return from interrupt (RTI) instruction to return to the 
point at which execution was interrupted. Max.12 machine cycles before execution, and max 11 machine 
cycles after execution. 


Each interrupt has an interrupt control register, which controls the interrupts. Interrupt control register 
consists of the interrupt level field (LV1-0), interrupt enable flag (IE), and interrupt request flag (IR). 


Interrupt request flag (IR) is set to "1" by an interrupt request, and cleared to "0" by the interrupt accep- 
tance. This flag is managed by hardware, but can be rewritten by software. 


Interrupt enable flag (IE) is the flag that enables interrupts in the group. There is no interrupt enable flag 
in non-maskable interrupt (NMI). Once this interrupt request flag is set, it is accepted without any condi- 
tions. Interrupt enable flag is set in maskable interrupt. Interrupt enable flag (IE) of each maskable 
interrupt is valid when the maskable interrupt enable flag (MIE flag) of PSW is "1". 


Maskable interrupts have had vector numbers by hardware, but their priority can be changed by setting 
interrupts level field. There are three hierarchical interrupt levels. If multiple interrupts have the same 
priority, the one with the lowest vector number takes priority. Maskable interrupts are accepted when its 
level is higher than the interrupt mask level (IM1-0) of PSW. Non-maskable interrupts are always ac- 
cepted, regardless of the interrupt mask level. 
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Interrupts 
























































Chapter 3 
3-1-1 Functions 
Table 3-1-1 Interrupt Functions 
: Non-maskable : 
Interrupt type Reset (interrupt) interrupt Maskable interrupt 
Vector number 0 1 2 to 18 
Table address x'04000' x'04004' x'04008' to x'04048' 
Starting address Address specified by vector address 
Interrupt level - - evar 
? (Set by software) 
: : External pin input 
Interrupt factor poem 7 Ue id cielo Internal peripheral 
P P function 
Input interrupt request level set 
Genaisied oaraton Direct input to dace ohana in interrupt level flag (xxxLVn) of 
is P CPU core onal venister (NMICR) maskable interrupt control 
9 register (xxxICR) to CPU core. 
Acceptance only by the interrupt 
: control of the register (xxxICR) 
Accept operation Always accepts Always accepts and the interrupt mask level in 
PSW. 
Machine cycles 42 12 42 
until acceptance 
Values of the interrupt level flag 
PSW status All flags are The interrupt mask level | (xxxLVn) are set to the interrupt 
fist acoepianne cleared flag in PSW is cleared | mask level (masking all interrupt 
2 p to "0". to "00". requests with the same or the 
lower priority). 
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IRQLVL 
2-0 




















IRQNM1 


> Interrupt 


CPU core 


Vector 1 
1 


























WDOG 


























IRQOICR 



























































































































































Figure 3-1-1 









































Peripheral 
function 
vO 
xxxLV : Interrupt Level 
xxxlE : Interrupt Enable 
xxxIR : Interrupt Request 
Peripheral 
function 
VO 
xxxLvV : Interrupt Leve 
xxxlE : Interrupt Enab 


xxxIR : Interrupt Request 


Interrupt Block Diagram 
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3-1-3. Operation 


Miinterrupt Processing Sequence 

For interrupts other than reset, the interrupt processing sequence consists of interrupt request, interrupt 
acceptance, and hardware processing. The program counter (PC) and processor status word (PSW) 
and handy addressing data (HA) are saved onto the stack, and execution branches to the address 
specified by the corresponding interrupt vector. 

An interrupt handler ends by restoring the contents of any registers used during processing and then 
executing the return from interrupt (RTI) instruction to return to the point at which execution was inter- 
rupted. 


Interrupt service routine 









Main program Interrupt 
; request (xxxIR) 
PN. Hardware processing flag cleared 
Save up PC, PSW, etc. at head 








Interrupt WA a 


Max. 12 machine cycles 





11 machine cycles 














Restart Restore PSW, PC up, etc. 





' RTI 


Figure 3-1-2 Interrupt Processing Sequence (maskable interrupts) 


Non-maskable interrupts have priority over maskable ones. 
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Mlnterrupt Sources and Vector Addresses 
Here is the list of interrupt vector address and interrupt group. 










































































Table 3-1-2 Interrupt Vector Address and Interrupt Group 
Vector Vector Interrupt group Control Register 
Number Address (Interrupt source) (address) 

0 x'04000' |Reset : = = 

1 x'04004' | Non-maskable interrupt NMI NMICR X03FE1' 
2 x'04008' | External interrupt 0 IRQO IRQOICR X'03FE2' 
3 x'0400C' | External interrupt 1 IRQ1 IRQ1ICR X'03FE3' 
4 x'04010' | Timer 0 interrupt TMOIRQ TMOICR X03FE4' 
5 x'04014' | Timer 1 interrupt TM1IRQ TM1ICR X'03FE5' 
6 x'04018' | Timer 2 interrupt TM2IRQ TM2ICR X'03FE6' 
7 x'0401C' | Time base period TBIRQ TBICR X'03FE7' 
8 x'04020' | Serial interface 0 interrupt SCOIRQ SCOICR X'03FE8' 
9 x'04024' | ATC interrupt ATCIRQ ATCICR X'03FEQ' 
10 x'04028' |AD converter interrupt ADIRQ ADICR X'03FEA' 
11 x'0402C' | External interrupt 2 IRQ2 IRQ2ICR X'03FEB' 
12 x'04030' | External interrupt 3 IRQ3 IRQ3ICR xX'03FEC' 
13 x'04034' | External interrupt 4 IRQ4 IRQ4ICR X'03FED' 
14 x'04038' | Timer 3 interrupt TM3IRQ TM3ICR X'O3FEE' 
15 x'0403C' | Timer 4 interrupt TM4IRQ TM4ICR XO3FEF' 
16 x'04040' ‘| Timer 5 interrupt TM5IRQ TM5ICR xX'03FFO' 
17 x'04044' | Serial interface 1 interrupt SC1IRQ SC1ICR X'03FF1' 
18 x'04048' | Serial interface 2 interrupt SC2IRQ SC2ICR X'03FF2' 
19 x'0404C' | Reserved - X'03FF3' 
20 x'04050' | Reserved - - X'03FF4' 














For unused interrupts and reserved interrupts, set the address the RTI instruction is de- 
scribed on to the corresponded address. 
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Minterrupt Level and Priority 

This LSI allocated vector numbers and interrupt control registers (except reset interrupt) to each inter- 
rupt. The interrupt level (except reset interrupt, non-maskable interrupt) can be set by software, per each 
interrupt group. There are three hierarchical interrupt levels. If multiple interrupts have the same priority, 
the one with the lowest vector number takes priority. For example, if a vector 3 set to level 1 and a vector 
4 set to level 2 request interrupts simultaneously, vector 3 will be accepted. 









































Vector 1 (Non-maskable interrupt) Priority | Interrupt vector No. 

1 Vector 1 

Level 0 Vectors 2, 5, 6 2 Vector 2 

3 Vector 5 

Interrupt level Level 1 | Vector 3 4 Vector 6 
setting range 5 Gee 
Level 2 Vectors 4, 8 6 Vector 4 

7 Vector 8 





Figure 3-1-3 Interrupt Priority Outline 
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Determination of Interrupt Acceptance 
The following is the procedure from interrupt request input to acceptance. 
(1) The interrupt request flag (xxxIR) in the corresponding external interrupt control 

register (IRQnICR) or internal interrupt control register (xxxICR) is set to '1'. 
(2) An interrupt request is input to the CPU, If the interrupt enable flag (xxxIE) in the same register 
is ‘1'. 
The interrupt level (IL) is set for each interrupt. The interrupt level (IL) is input to the CPU. 
The interrupt request is accepted, If IL has higher priority than IM and MIE is ‘1’. 
After the interrupt is accepted, the hardware resets the interrupt request flag (xxxIR) in the 
interrupt control register (xxxICR) to '0'. 


—~ ~~ 
a #& Ww 
rere aS 


Current interrupt mask level (IM) 








PSw | -- Mie |i |i] VF | NF | CF| ZF 


























Level judgement. Accepted if IL<IM 





7 
xxxlCR XxxlE] xxxIR| 
A 


Generated interrupt level (IL) 























Figure 3-1-4 Determination of Interrupt Acceptance 





accepted. 


When the setting is xxxLV1=1, xxxLV0=1, the interrupt is disabled regardless of the value of 
XXxIE, xxxIR. 


C The corresponding interrupt enable flag (xxxlE) is not cleared to "0", even if the interrupt is 
a 
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MIE='0' and interrupts are disabled when: 
- MIE in the PSW is reset to '0' by a program 
- Reset is detected 


MIE='1' and interrupts are enabled when: 
- MIE in the PSW is set to '1' by a program 


The interrupt mask level (IM=IM1 - IMO) in the processor status word (PSW) changes when: 


- The program alters it directly, 
- A reset initializes it to 0 (O0b), 
- The hardware accepts and thus switches to the interrupt level (IL) for a maskable interrupt. 


Interrupts 


- Execution of the RTI instruction at the end of an interrupt service routine restores the processor 


status word (PSW) and thus the previous interrupt mask level. 





| The maskable interrupt enable (MIE) flag in the processor status word (PSW) is not cleared 
: to "0" when an interrupt is accepted. 











Non-maskable interrupts have priority over maskable ones. 
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Minterrupt Acceptance Operation 
When accepting an interrupt, the MN101C51F series hardware saves the handy address register, the 
return address from the program counter, and the processor status word (PSW) to the stack and 
branches to the interrupt handler using the starting address in the vector table. 
The following is the hardware processing sequence after interrupt acceptance. 
Ti The stack pointer (SP) is updated. 
(SP-6 — SP) 

2. The contents of the handy address register (HA) are saved to the stack. 

Upper half of HA — (SP+5) 

Lower half of HA — (SP+4) 


3. The contents of the program counter (PC), the return fe Res ae 
































address, are saved to the stack. 
PC bits 18, 17, and 0 — (SP+3) ( peel SP ——_ PSW Lower 
‘ after interrupt : 
PC bits 16-9 — (SP+2) eae) Po8-1 { 
PC bits 8-1 — (SP+1) | acids 
4. The contents of the PSW are saved to the stack. Poo! reserved jpcte17) Address 
PSW — (SP) aaa | 
5. The interrupt level (xxxLVn) for the interrupt is copied to sale 
: ; Old SP ——» Higher 
the interrupt mask (IMn) in the PSW. 
(before interrupt 
Interrupt level (xxxLVn) — IMn acceptance) 
6. The hardware branches to the address in the vector a ee 
table. Figure 3-1-5 Stack Operation 


interrupt Return Operation during interrupt acceptance 


An interrupt handler ends by restoring, using the POP instruction and other means, the contents of any 

registers used during processing and then executing the return from interrupt (RTI) instruction to return 

to the point at which execution was interrupted. 

The following is the processing sequence after the RTI instruction. 

1. The contents of the PSW are restored from the stack. (SP) 

2. The contents of the program counter (PC), the return address, are restored from the stack. 
(SP+1 to SP+3) 

3. The contents of the handy address register (HA) are restored from the stack. (SP+4, SP+5) 

4. The stack pointer is updated. (SP+6 — SP) 

5. Execution branches to the address in the program counter. 


The handy address register is an internal register used by the handy addressing function. The hardware 
saves its contents to the stack to prevent the interrupt from interfering with operation of the function. 





| Registers such as data register, or address register are not saved, so that PUSH instruction 
7 should be used to save data register or address register onto the stack, if necessary. 








1 The address bp6 to bp2, when program counter (PC) are saved to the stack, are reserved. 
7 Do not change by program. 











I-10 Overview 


Chapter 3 Interrupts 


@Maskable Interrupt 
Figure 3-1-6 shows the processing flow when a second interrupt with a lower priority level (xxxLV1- 


xxxLVO='10') arrives during the processing of one with a higher priority level (xxxLV1-xxxLV0='00’). 


IMO,1='00') 
(Main program ) 


Set MIE 











IM1,O="11' 





Interrupt 1 generated —z-» | Accepted because IL<IM and MIE='1' 
(xxxLV1,0='00') 


(IM1,0="00") ——* |Interrupt acceptance cycle| 
Cinterrupt service routine: 1) 
“4 


“X~— Interrupt 2 generated 
( xxxLV1,0='10') 


*9 i ee —— (IM1,0="11') 


—— > |Interrupt acceptance cycle 






































(IM1,0='10') 








Cinterrupt service routine: 2) 





RT| —— (IM1,0='11') 





Interrupt generated —z-» | Not accepted because IM=IL 
(xxxLV1,0='11') 





i 


Parentheses ( ) indicate hardware processing. 

“1 If during the processing of the first interrupt, an interrupt request with an interrupt level 
(IL) numerically lower than the interrupt mask (IM) arrives, it is accepted as a nested 
interrupt. If IL > IM, however, the interrupt is not accepted. 

*2 The second interrupt, postponed because its interrupt level (IL) was numerically greater 
than the interrupt mask (IM) for the first interrupt service routine, is accepted when the 
first interrupt handler returns. 


Figure 3-1-6 Processing Sequence for Maskable Interrupts 
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Multiplex Interrupt 

When an MN101C51 series device accepts an interrupt, it automatically disables acceptance of subse- 
quent interrupts with the same or lower priority level. When the hardware accepts an interrupt, it copies 
the interrupt level (xxxLVn) for the interrupt to the interrupt mask (IM) in the PSW. As a result, subse- 
quent interrupts with the same or lower priority levels are automatically masked. Only interrupts with 
higher priority levels are accepted. The net result is that interrupts are normally processed in decreasing 
order of priority. It is, however, possible to alter this arrangement. 


1. To disable interrupt nesting 
- Reset the MIE bit in the PSW to "0." 
- Raise the priority level of the interrupt mask (IM) in the PSW. 

2. To enable interrupts with lower priority than the currently accepted interrupt 
- Lower the priority level of the interrupt mask (IM) in the PSW. 





Multiplex interrupts are only enabled for interrupts with levels higher than the PSW interrupt 
mask level (IM). 








It is possible to forcibly rewrite IM to accept an interrupt with a priority lower than the interrupt 
being processed, but be careful of stack overflow. 








Do not operate the maskable interrupt control register (xxxICR) when multiple interrupts are 
enabled. If operation is necessary, first clear the PSW MIE flag to disable interrupts. 


aan & 
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Figure 3-1-7 shows the processing flow for multiple interrupts (interrupt 1: xxxLV1-xxxLVO='10'", and 


interrupt 2: xxxLV1-xxxLV0='00'). 
(Main program ) 


IM1,O="11' 














Interrupt 1 generated —Z2-» Accepted because xxxLV1,0<IM 


(xxxLV1,0='10') 















(IM1,0="10') Interrupt acceptance cycle 











@ Interrupt service routine: 1 +) 





* Interrupt 2 generated —z-»| Accepted because xxxLV1,0<IM 
(xxxLV1,0='00') 












— IInterrupt acceptance cycle 








( 11,0='00" ) 








c Interrupt service routine: 2 +) 





Restart interrupt processing program 1 
RT! —=— ( imt,o="10" ) 





RT| —=— (im1.0-11" ) 








Parentheses ( ) indicate hardware processing 


Figure 3-1-7 Processing Sequence with Multiple Interrupts Enabled 
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3-1-4 ‘Interrupt Flag Setup 


Interrupt request flag (IR) setup by the software 

The interrupt request flag is operated by the hardware. That is set to "1" when any interrupt factor is 
generated, and cleared to "0" when the interrupt is accepted. If you want to operate it by the software, the 
IRWE flag of MEMCTR should be set to "1". 

Interrupt flag setup procedure 

A setup procedure of the interrupt request flag set by the hardware and the software shows as follows ; 





Setup Procedure 


Description 








Disable all maskable interrupts. 
PSW 
bp6 : MIE = 0 


Select the interrupt factor. 


Enable the interrupt request flag to 
be rewritten. 
MEMCTR (x'3F01') 
bp2 : IRWE = 1 
Rewrite the interrupt request flag. 
xxxICR 
bp0 : xxxIR 
Disable the interrupt request flag to 
be rewritten. 
MEMCTR (x'3F01') 


bp2 : IRWE = 0 
Set the interrupt level. 
xxxlCR 
bp7-6 : xxxLV1-0 
PSW 
bp5-4 : IM1-0 
Enable the interrupt. 
xxxlCR 
bp1 : xxxlE = 1 


Enable all maskable interrupts. 
PSW 
bp6 : MIE = 1 





Clear the MIE flag of PSW to disable all 
maskable interrupts. This is necessary, 
especially when the interrupt control register is 
changed. 

Select the interrupt factor such as interrupt 
edge selection, or timer interrupt cycle change. 
Set the IRWE flag of MEMCTR to enable the 
interrupt request flag to be rewritten. This is 
necessary only when the interrupt request flag 
is changed by the software. 

Rewrite the interrupt request flag (xxxIR) of the 
interrupt control register (xxxICR). 


Clear the IRWE flag so that interrupt request 
flag can not be rewritten by the software. 


Set the interrupt level by the xxxLV1-0 flag of 
the interrupt control register (xxxICR). 

Set the IM1-0 flag of PSW when the interrupt 
acceptance level of CPU should be changed. 


Set the xxxlE flag of the interrupt control 
register (xxxICR) to enable the interrupt. 


Set the MIE flag of PSW to enable maskable 
interrupts. 
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3-2 Control Registers 


3-2-1 Registers List 


Table 3-2-1 Interrupt Control Registers 


















































Register Address | R/W Functions Page 
NMICR XO3FE1' | R/W |Non-maskable interrupt control register Ill- 16 
IRQOICR X'03FE2' | R/W |External interrupt 0 control register Ill - 17 
IRQ1ICR X03FE3' | R/W | External interrupt 1 control register lll- 18 
IRQ2ICR X'03FEB' | R/W {External interrupt 2 control register Ill- 19 
IRQ3ICR XO3FEC' | R/W |External interrupt 3 control register Ill- 20 
IRQ4ICR XO3FED' | R/W |External interrupt 4 control register Ill - 21 
TMOICR XO3FE4' | R/W | Timer 0 interrupt control register (Timer 0 interrupt) Ill - 22 
TM1ICR X'03FE5' | R/W | Timer 1 interrupt control register (Timer 1 interrupt) Ill - 23 
TM2ICR X'03FE6' | R/W | Timer 2 interrupt control register (Timer 2 interrupt) Ill - 24 
TM3ICR X'O3FEE' | R/W | Timer 3 interrupt control register (Timer 3 interrupt) Ill- 25 
TM4ICR XO3FEF' | R/W | Timer 4 interrupt control register (Timer 4 interrupt) Ill - 26 
TM5ICR X'03FFO' | R/W | Timer 5 interrupt control register (Timer 5 interrupt) Ill - 27 
TBICR X'03FE7' | R/W | Time base interrupt control register (Time base period) Ill - 28 
SCOICR X'03FE8' | R/W |Serial interface 0 interrupt control register (Serial interface 0 interrupt ) Ill - 29 
SC1ICR X03FF1' | R/W |Serial interface 1 interrupt control register (Serial interface 1 interrupt ) Ill - 30 
SC2ICR X'03FF2' | R/W |Serial interface 2 interrupt control register (Serial interface 2 interrupt ) Ill - 34 
ADICR X'O03FEA' | R/W {A/D converter interrupt control register (A/D converter interrupt) Ill - 32 
ATCICR X03FE9' | R/W JATC interrupt control register(ATC interrupt) Ill - 33 


























| Writing to the interrupt control register should be done after that all maskable interrupts are 
7 set to be disabled by the MIE flag of the PSW register. 








If the interrupt level flag (xxxLVn) is set to "level 3", its vector is disabled, regardless of 
interrupt enable flag and interrupt request flag. 
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3-2-2 Interrupt Control Registers 


The interrupt control registers include the non-maskable interrupt control register (NMICR), the external 
interrupt control register (IRQnICR) and the internal interrupt control register (xxxICR). 


MNon-Maskable Interrupt Control Register (NMICR address: x'03FE1') 

The non-maskable interrupt control register (NMICR) stores the non maskable interrupt request. When 
the non-maskable interrupt request is generated, the interrupt is accepted regardless of the interrupt 
mask level (IMn) of PSW. The hardware then branches to the address stored at location x'04004' in the 
interrupt vector table. The watchdog timer overflow interrupt request flag (WDIR) is set to "1" when the 
watchdog timer overflows. The program interrupt request flag (PIR) is set to "1" when the undefined 
instruction is executed. 


7 6 5 4 3 2 1 0 
NMICR - - - - - PIR WDIR | Reserved| (At reset : -----000) 


Z Reserved Always set to "0". 







































































WDIR Watchdog interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
PIR Program interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 














Figure 3-2-1 Non-Maskable Interrupt Control Register 
(NMICR:x'03FE1', R/W) 





On this LSI, when undefined instruction is decoded, the program interrupt request flag (PIR) 
is set to "1", and the non-maskable interrupt is generated. 

If the PIR flag setup is confirmed by the non-maskable interrupt service routine, the reset via 

the software is recommended. When software reset, the reset pin (P27) outputs "0". 








clear it to "0". 








C Once the WDIR becomes "1" by generating of non-maskable interrupt, only the program can 
Lt] 
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@External Interrupt 0 Control Register (IRQOICR) 

The external interrupt 0 control register (IRQOICR) controls interrupt level of the external interrupt 0, 
active edge, interrupt enable and interrupt request. Interrupt control register should be operated when 
the maskable interrupt enable flag (MIE) of PSW is "0". When the interrupt level flag for external interrupt 
is set to level 3 (IRQOLV1=IRQOLVO="1"), the interrupt of its vector is disabled regardless of the external 
interrupt request flag and the external interrupt enable flag. 































































































7 6 5 4 3 2 1 0 
IRQO | IRQO ~ ' 7 : oes 
IRQOICR LV4 LVO REDGO IRQOIE|IRQOIR (At reset :000 0 0) 
External interrupt 
IRQOIR request flag 
0 No interrupt request 
1 Interrupt request generated 
External interrupt 
IRQOIE enable flag 
0 Disable interrupt 
1 Enable interrupt 
External interrupt active 
REDGO edge flag 
0 Falling edge 
1 Rising edge 
IRQO | IRQO Interrupt level flag 
LV1 LVO for external interrupt 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-2 External Interrupt 0 Control Register (IRQOICR : x'03FE2', R/W) 
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External Interrupt 1 Control Register (IRQ1ICR) 

The external interrupt 1 control register (IRQ1ICR) controls interrupt level of external interrupt 1, active 
edge, interrupt enable and interrupt request. Interrupt control register should be operated when the 
maskable interrupt enable flag (MIE) of PSW is "0". When the interrupt level flag for external interrupt is 
set to level 3 (IRQ1LV1=IRQ1LVO0="1"), the interrupt of its vector is disabled regardless of the external 
interrupt request flag and the external interrupt enable flag. 














7 6 5 4 3 2 1 0 
IRQ1 | IRQ1 : F ; es 
IRQIICR | ‘wy | Tyo [REDG! IRQHIE|IRQUIR (At reset : 0 00 - - - 00) 


























|__| IRQ1IR External interrupt request flag 























0 No interrupt request 

1 Interrupt request generated 
IRQ1IE External interrupt enable flag 

0 Disable interrupt 

1 Enable interrupt 














REDG1 External interrupt active edge flag 





0 Falling edge 





Rising edge 











IRQ1 | IRQ1 | Interrupt level flag 
LV1 LVo | for external interrupt 














The CPU has interrupt levels from 0 to 3. These 
flags set the interrupt level for interrupt request 








Figure 3-2-3 External Interrupt 1 Control Register (IRQ1ICR : x'03FE3', R/W) 
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External Interrupt 2 Control Register (IRQ2ICR) 
The external interrupt 2 control register (IRQ2ICR) controls interrupt level of external interrupt 2, active 
edge, interrupt enable and interrupt request. Interrupt control register should be operated when the 
maskable interrupt enable flag (MIE) of PSW is "0". When the interrupt level flag for external interrupt is 
set to level 3 (IRQ2LVO0=IRQ2LV1="1"), the interrupt of its vector is disabled regardless of the external 
interrupt request flag and the external interrupt enable flag. 





IRQZICR | [RO2 











7 6 5 1 0 
IRQ2 
LVi_| LVo REDG2 IRQ2IEIRQ2IR 
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(At reset :000---00) 
IRQ2IR External interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
IRQ2IE External interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
REDG2 External interrupt active edge flag 
0 Falling edge 
1 Rising edge 
IRQ2 | IRQ2 : 
LV14 LVO Interrupt level flag for external interrupt 














The CPU has interrupt levels from 0 to 3. These 
flags set the interrupt level for interrupt request. 








Figure 3-2-4 External Interrupt 2 Control Register (IRQ2ICR : x'03FEB', R/W) 
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External Interrupt 3 Control Register (IRQ3ICR) 
The external interrupt 3 control register (IRQ3ICR) controls interrupt level of external interrupt 3, active 
edge, interrupt enable flag and interrupt request. Interrupt control register should be operated when the 
maskable interrupt enable flag (MIE) of PSW is "0". When the interrupt level flag for external interrupt is 
set to level 3 (IRQ3LV1=IRQ3LV0="1"), the interrupt of its vector is disabled regardless of the external 
interrupt request flag and the external interrupt enable flag. 





IRA3ICR | [ROS 











£ 6 5 4 3 2 1 0 
IRQ3 F : < 
Lvt | LVo REDG3 IRQ3IERQ3IR 



































(At reset :000---00) 




































































IRQ3IR External interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
IRQ3IE External interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
REDG3 External interrupt active edge flag 
0 Falling edge 
1 Rising edge 
IRQ3 | IRQ3 F 
LV4 LvOo Interrupt level flag for external interrupt 














The CPU has interrupt levels from 0 to 3. These 
flags set the interrupt level for interrupt request. 





Figure 3-2-5 External Interrupt 3 Control Register (IRQ3ICR : x'03FEC', R/W) 
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@External Interrupt 4 Control Register (IRQ4ICR) 

The external interrupt 4 control register (IRQ4ICR) controls interrupt level of external interrupt 4, active 
edge, interrupt enable flag and interrupt request. Interrupt control register should be operated when the 
maskable interrupt enable flag (MIE) of PSW is "0". When the interrupt level flag for external interrupt is 
set to level 3 (IRQ4LV1=IRQ4LV0="1"), the interrupt of its vector is disabled regardless of the external 
interrupt request flag and the external interrupt enable flag. 


7 6 5 4 3 2 1 0 




















IRQ4 | IRQ4 : . ; en 
IRA4ICR | ‘wi | Tyo. |REDG4 IRO4IE|IRO4IR (At reset : 0.00 --- 00) 






































—____, IRQ4IR External interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
IRQ4IE External interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 























REDG4 External interrupt active edge flag 





0 Falling edge 
1 Rising edge 























IRQ4 | IRQ4 : 
LV4 LVo Interrupt level flag for external interrupt 














The CPU has interrupt levels from 0 to 3. These 
flags set the interrupt level for interrupt request. 











Figure 3-2-6 External Interrupt 4 Control Register (IRQ4ICR : x'03FED', R/W) 
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Timer 0 Interrupt Control Register (TMOICR) 

The timer 0 interrupt control register (TMOICR) controls interrupt level of timer O interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 
(TMOLV1=TMOLVO="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 
the interrupt enable flag. 



















































































7 6 5 4 3 2 1 0 
TMO | TMO - 7 7 7 A : ve 
TMOICR tv1 | LvO TMOIE|TMOIR (At reset : 0 0 0 0) 
TMOIR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TMOIE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
Oa el Interrupt level fla 
Lv1 | LVO B g 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-7 Timer 0 Interrupt Control Register (TMOICR : x'03FE4', R/W) 
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Chapter 3 Interrupts 


The timer 1 interrupt control register (TM1ICR) controls interrupt level of timer 1 interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 
(TM1LV1=TM1LV0="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 


the interrupt enable flag. 





TtIcR | TM 








7 6 5 1 0 
T™1 
Lvi | LVo = | TM1IE}TM1IR 





























(At reset :00----00) 












































TM1IR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TM1IE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
) TEA Interrupt level fla 
Lv1 | LVO P g 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 








Figure 3-2-8 Timer 1 Interrupt Control Register (TM1ICR : x'03FE5", R/W) 


Control Registers II - 23 


Chapter 3 Interrupts 


Timer 2 Interrupt Control Register (TM2ICR) 

The timer 2 interrupt control register (TM2ICR) controls interrupt level of timer 2 interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 
(TM2LV1=TM2LV0="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 
the interrupt enable flag. 
















































































7 6 5 4 3 2 1 0 
TM2 | TM2 7 7 . A . et ¥ 
TM2ICR Lvi_ | LVo | [mate TM2IR (At reset : 00 0 0) 
TM2IR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TM2IE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
eS he Interrupt level fla 
Lv1 | LVO P 9 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-9 Timer 2 Interrupt Control Register (TM2ICR : x'03FE6', R/W) 
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Timer 3 Interrupt Control Register (TM3ICR) 

The timer 3 interrupt control register (TM3ICR) controls interrupt level of timer 3 interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 
(TM8LV1=TM3LV0="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 
the interrupt enable flag. 







































































7 6 5 4 3 2 1 0 
TM3 | TM3 7 c ; P A . Peas 
TM3ICR Lyi | LvO TMSIE|TM3IR (At reset : 0 0 0 0) 
——_ TM3IR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TMSIE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
TM3 | TMS | interrupt level fl 
CVE NW Me shhee ee 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-10 Timer 3 Interrupt Control Register (TMS3ICR : x'03FEE', R/W) 
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Timer 4 Interrupt Control Register (TM4ICR) 

The timer 4 interrupt control register (TM4ICR) controls interrupt level of timer 4 interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 


(TM4LV1=TM4LV0="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 
the interrupt enable flag. 







































































7 6 5 4 3 2 1 0 
TM4 | TM4 : Soee 
TM4ICR Lvi_ | LVOo | - - | - - TM4IE/TM4IR (At reset : 00 0 0) 
-—____ TM4IR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TM4IE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
TM4 | TMA’ | interrupt level fl 
Lv1_ | Lvo PLP eA es) 
The CPU has interrupt levels from 0 to 3. 
‘These flags set the interrupt level for interrupt 
request. 











Figure 3-2-11 Timer 4 Interrupt Control Register (TM4ICR : x'03FEF'’, R/W) 
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Timer 5 Interrupt Control Register (TM5ICR) 

The timer 5 interrupt control register (TM5ICR) controls interrupt level of timer 5 interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 


(TM5LV1=TM5LV0="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 
the interrupt enable flag. 







































































7 6 5 4 3 2 1 0 
TM5 | TM5 . eS 
TM5ICR Lvi | LVo - - - - TM5IE|}TM5IR (At reset :00 0 0) 
——_ TM5IR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TMS5IE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
TMS | TMS | interrupt level fl 
BE | OR ire cer eee 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-12 Timer 5 Interrupt Control Register (TMS5ICR : x'03FFO0', R/W) 
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Time Base Interrupt Control Register (TBICR) 


The time base interrupt control register (TBICR) controls interrupt level of time base interrupt, interrupt 
enable flag and interrupt request. Interrupt control register should be operated when the maskable inter- 
rupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 (TBLV1=TBLVO="1"), 
the interrupt of its vector is disabled regardless of the interrupt request flag and the interrupt enable flag. 





7 6 1 0 
TB TB 
TBICR Lvi | Lvo TBIE | TBIR 






































(At reset :0 0 ----00) 
































TBIR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
TBIE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
1 uD Interrupt level fla 
Lv1 | LVO P g 











The CPU has interrupt levels from 0 to 3. 
‘These flags set the interrupt level for interrupt 


request. 








Figure 3-2-13 Time Base Interrupt Control Register (TBICR : x'03FE7’', R/W) 
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Serial interface 0 Interrupt Control Register (SCOICR) 

The serial interface 0 interrupt control register (SCOICR) controls interrupt level of serial interface 0 
interrupt, interrupt enable flag and interrupt request. Interrupt control register should be operated when 
the maskable interrupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 


(SCOLV1=SCOLVO="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 
the interrupt enable flag. 



















































































7 6 5 4 3 2 1 0 
Sco | SCO : aoe 
SCOICR Lvi | LVO | - - | - | - SCOIE | SCOIR (at reset :00 00) 
————_ SCOIR Interrupt request flag 
0 No interrupt request flag 
1 Interrupt request generated 
SCOIE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
oon) erie Interrupt level fla 
Lvi | Lvo P g 
The CPU has interrupt levels from 0 to 3. 
‘These flags set the interrupt level for interrupt 
request. 











Figure 3-2-14 Serial interface 0 Interrupt Control Register (SCOICR : x'03FE8', R/W) 
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Serial interface 1 Interrupt Control Register (SC1ICR) 

The serial interface 1 interrupt control register (SC1ICR) controls interrupt level of serial interface 1 
interrupt, interrupt enable flag and interrupt request. Interrupt control register should be operated when 
the maskable interrupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 


(SC1LV1=SC1LV0="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 
the interrupt enable flag. 



















































































7 6 5 4 3 2 1 0 
SC1 | SC1 - - 5 7 A : Sin 
SC1ICR tv1 | Lvo SC1IE/SC1IR (At reset : 0 0 0 0) 
SC1IR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
SC1IE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
ae hey Interrupt level fla 
Lv1_ | LVO P g 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-15 Serial interface 1 Interrupt Control Register (SC1ICR : x'03FF1', R/W) 
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Serial interface 2 Interrupt Control Register (SC2ICR) 

The serial interface 2 interrupt control register (SC2ICR) controls interrupt level of serial interface 2 
interrupt, interrupt enable flag and interrupt request. Interrupt control register should be operated when 
the maskable interrupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 


(SC2LV1=SC2LV0="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 
the interrupt enable flag. 

























































































7 6 5 4 3 2 1 0 
SC2 | SC2 : Pace 
SC2ICR Lvi_ | LVO - - - - SC2IE|SC2IR (At reset :00 0 0) 
————_ SC2IR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
SC2lE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
oce iets Interrupt level fla 
Lvi | Lvo P 9 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-16 Serial interface 2 Interrupt Control Register (SC2ICR : x'03FF2', R/W) 
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Interrupts 


A/D Conversion Interrupt Control Register (ADICR) 
The A/D conversion interrupt control register (ADICR) controls interrupt level of A/D conversion interrupt, 
interrupt enable flag and interrupt request. Interrupt control register should be operated when the 
maskable interrupt enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 
(ADLV1=ADLVO0="1"), the interrupt of its vector is disabled regardless of the interrupt request flag and 


the interrupt enable flag. 





7 6 1 0 
AD | AD 
ADICR Lvi | Lvo ADIE | ADIR 



































(At reset :0 0 -- --00) 



































ADIR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
ADIE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
aD aD Interrupt level fl 
EVE: CLVOy | ee 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-17 A/D Conversion Interrupt Control Register (ADICR : x'03FEA', R/W) 
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BATC Interrupt Control Register (ATCICR) 

The ATC interrupt control register (ATC1ICR) controls interrupt level of ATC interrupt, interrupt enable 
flag and interrupt request. Interrupt control register should be operated when the maskable interrupt 
enable flag (MIE) of PSW is "0". When the interrupt level flag is set to level 3 (ATCLV1=ATCLVO="1"), 
the interrupt of its vector is disabled regardless of the interrupt request flag and the interrupt enable flag. 






















































































7 6 5 4 3 2 1 0 
ATC | ATC E x 2 : At reset :00----00 
ATCICR fees | io | ATCIE | ATCIR ( ) 
ATCIR Interrupt request flag 
0 No interrupt request 
1 Interrupt request generated 
ATCIE Interrupt enable flag 
0 Disable interrupt 
1 Enable interrupt 
NGA ne Interrupt level fla 
Lv1 | LVO P g 
The CPU has interrupt levels from 0 to 3. 
These flags set the interrupt level for interrupt 
request. 











Figure 3-2-18 ATC Interrupt Control Register (ATCICR : x'03FE9', R/W) 
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3-3 


There are 5 external interrupts in this LSI. The circuit (external interrupt interface) for the external interrupt 
input signal, is built-in between the external interrupt input pin and the interrupt controller block. This external 
interrupt interface can manage to do with any kind of external interrupts. 


3-3-1 


Interrupts 


External Interrupts 


Overview 


Table 3-3-1 shows the list for functions which external interrupts 0 to 4 can be used. 























Table 3-3-1 External Interrupt Functions 
External External External External External 
interrupt 0 interrupt 1 interrupt 2 interrupt 3 interrupt 4 
(IRQO) (IRQ1) (IRQ2) (IRQ3) (IRQ4) 
External interrupt P24, 
input pin P20 P21 P22 P23 P40 - P47 
Programmable | 
active “| | | | 
edge interrupt (P24) 
Key input interrupt - - - v 
(P40 - P47) 
Noise filter built-in V \ = : . 
AC zero-cross _ 1 . - = 
detection 
Capture trigger 
for timer 4 v \ V . ~ 
ATC trigger factor | | - - - 








Port 7 synchronous 
output event 
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3-3-2 Block Diagram 


@eExternal Interrupt 0 Interface, External Interrupt 1 Interface, Block Diagram 

































































































































































































































































NFCTR 
NFOEN 
FSGRSE IRQVICR 
2 NFOCKS1 IRQOIR 
NF1EN IRQOIE 
NF1CKSO : 
fs/2 *=——+ [ 2 INFICKS1 
fs/2 §—_ i : REDGO 
9 . 7 IRQOLVO 
ie x IRQOLV1 
fs/2 ‘0+ 7 
Y 
P2o/IRao [Xx] -| Noise filter | —-| > IRQO interrupt requesi 
i: ML» 16-bit timer / 
7 5 X Automatic data 
olarit ‘i 
- inversion transfer 
IRQ1ICR 
: Y IRQ1IR 
fs/2_ “——»> IRQUE 
fs/2 ners M : 
fs/2 aes : 7 
fs/2 1° REDG1 
s/2 °° —> { IRQILVO 
detection ou Noise filter | ——_-| ae 
Drone XI eta M "| M IRQ1 interrupt request 
U U 16-bit timer / 
x Polarit x Automatic data 
7 inversion transfer 
































a 





FLOAT1 

P7RDWN 

PARDWN 
P21IM 









































AC zero-cross 
detection circuit 














<xcez 





Schmitt input 






































Figure 3-3-1 External Interrupt 0 Interface and External Interrupt 1 Interface Block Diagram 
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MExternal Interrupt 2 Interface and External Interrupt 3 Interface Block Diagram 


IRQ2ICR 9 


| IRQ2IE_| 


easel 
’ 
P22/IRQ2 M 
U IRQ2 interrupt request/ 
pea Xx 16-bit timer / 









nversion Port 7 


IRQ3ICR 9 


| IRQ3IE_| 






P23/IRQ3 M 
U IRQS interrupt request 
Foal xX 


nversion 


Figure 3-3-2 External Interrupt 2 Interface, External Interrupt 3 Interface 
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@eExternal Interrupt 4 Interface Block Diagram 


IRQ4ICR 
















P24/IRQ4 


P40/KEYO 
P41/KEY1 
P42/KEY2 [x] 
P43/KEY3 [x] 


P44/KEY4 

P45/KEY5 ae 
P46/KEY6 IX] 
P47/KEY7 JX 





P4IMD_ 9 


aaa 
el 
Ls | 
TROASEL f; 









Figure 3-3-3 External Interrupt 4 Interface Block Diagram 
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IRQ4 interrupt request 
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3-3-3. Control Registers 


The external interrupt input signals, which operated in each external interrupt 0 to 4 interface generate 


interrupt requests. 


External interrupt 0 to 4 interface are controlled by the external interrupt control register (IRQnICR). And 
external interrupt interface 0 to 1 are controlled by the noise filter control register (NFCTR), and external 
interrupt interface 4 is controlled by the port 4 key interrupt control register (P4IMD). When the external 
interrupt 1 is used for AC zero-cross detection, it is controlled by the pin control register 1 (FLOAT1). 


Table 3-3-2 shows the list of registers, control external interrupt 0 to 4. 


Table 3-3-2 External Interrupt Control Register 









































External Interrupt Register Address Function Page 

IRQOICR X03FE2' External interrupt 0 control register Ill- 17 
External interrupt 0 

NFCTR X'03F8A' Noise filter control register Ill - 39 

IRQ1ICR X'03FE3' External interrupt 1 control register Il- 18 
External interrupt 1 NFCTR X'03F8A' Noise filter control register Ill- 39 

FLOAT1 X'03F4B' Pin control register 1 Ill- 40 
External interrupt 2 IRQ2ICR X'03FEB' External interrupt 2 control register Ill- 19 
External interrupt 3 IRQ3ICR X'03FEC' External interrupt 3 control register Ill - 20 

IRQ4ICR X‘03FED' External interrupt 4 control register Il- 21 
External interrupt 4 

P4IMD X'03F3C' Port 4 key interrupt control register Ill - 44 





R/W : Readable / Writable. 
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Noise Filter Control Register (NFCTR) 
The noise filter control register (NFCTR) sets the noise remove function to IRQO and IRQ1 and also 
selects the sampling cycle of noise remove function. 


7 6 5 4 3 2 1 0 





NFCTR - -  |NF1SCK1|NF1SCKO} NF1EN |NFOSCK1/NFOSCKO| NFOEN (at reset :--000000) 
































NFOEN IRQO/ noise filter setup 





0 Noise filter OFF 
1 Noise filter ON 

















NFOCKS1|NFOCKS0} IRQO noise filter sampling period 





fs/2’ 
fs/2° 
fs/2° 
fs/2” 














et ee el 











NF1EN IRQ1 noise filter sampling setup 








0 Noise filter OFF 
1 Noise filter ON 

















NF1CKS1|NFiCKS0} !RQ1/ noise sampling period 


























0 fs/2’ 
: 1 fs/2° 
1 0 fs/2° 
1 fs/2° 





Figure 3-3-4 Noise Filter Control Register (NFCTR : x'03F8A', R/W) 
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Pin Control Register 1 (FLOAT 1) 
















































































7 6 5 4 3 2 1 0 
FLOAT1 P211M |PARDWN|P7RDWN (at reset : - - - - - 000) 
P7RDWN Port 7 pull-up / pull-down 
resistor selection 
0 Pull-up resistor 
Pull-down resistor 
Port A pull-up / pull-down 
PAO resistor selection 
0 Pull-up resistor 
1 Pull-down resistor 
P21IM P21 input mode selection 
0 Schmitt trigger input 
1 ACZ input 














Figure 3-3-5 Pin Control Register 1 (FLOAT1 : x'03F4B’, R/W) 
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Port 4 Key Interrupt Control Register (P4IMD) 

The port 4 key interrupt control register (P4IMD) selects if key interrupt is approved, and if external 
interrupt IRQ4 is approved. Also, this register selects, by 2 bits, which pin on port 4 approved key 
interrupt. 


































































































7 6 5 4 3 2 { 0 
P4IMD _— |IRQ4SEL - - - P4KYEN4P4KYEN3 Pa ENPAKYEN (At reset :0- - - 0000) 
P4KYEN1 P41, P40 key interrupt 
selection 
0 disable 
1 enable 
PakYen2 | P43; P42 key interrupt 
selection 
0 disable 
1 enable 
PAKYEN3 | P45. P44 key interrupt 
selection 
0 disable 
1 enable 
pakyena | P47, P46 key interrupt 
selection 
0 disable 
1 enable 














IRQ4SEL IRQ4 interrupt source selection 





0 external interrupt IRQ4 
1 Port 4 key interrupt 

















Figure 3-3-6 Port 4 Key Interrupt Control Register (P4IMD : x'03F3C’', R/W) 
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3-3-4 Programmable Active Edge Interrupt 


mProgrammable Active Edge Interrupts (External interrupts 0 to 4) 
Through register settings, external interrupts 0 to 4 can generate interrupt at the selected edge either 
rising or falling edge. 


™Programmable Active Edge Interrupt Setup Example (External interrupts 0 to 4) 
External interrupt 3 (IRQ3) is generated at the rising edge of the input signal from P23. 
The table below provides a setup example for IRQS. 








Setup Procedure Description 
(1) Specify the interrupt active edge. (1) Set the REDGS flag of the external interrupt 3 
IRQ3ICR (x'3FEC’) control register (IRQ3ICR) to "1" to specify the 
bp5 :REDG3 =1 rising edge as the active edge for interrupts. 
(2) Set the interrupt level. (2) Set the interrupt priority level in the IRQ3LV1-0 
IRQ3ICR (x'3FEC’) flag of the IRQ3ICR register. 
bp7-6 : IRQ3LV1-0= 10 


If any interrupt request flag had already been 
set, clear it. 
{ Chapter 3. 3-1-4 Interrupt flag setup ] 


(3) Enable the interrupt. (3) Set the IRQ3IE flag of the IRQS3ICR register to 
IRQ3ICR (x'3FEC’) "1" to enable the interrupt. 
bp1 -IRQ3SIE = = 1 














External interrupt 3 is generated at the rising edge of the input signal from P23. 





1 The Interrupt request flag may be set to "1" at switching the interrupt edge, so specify the 
7 interrupt active edge before the interrupt permission. 








generated by setting the interrupt enable flag. Therefore, clearing the interrupt request flag 


after the switching of the interrupt edge is highly recommended. 
[« Chapter 3. 3-1-4 Interrupt flag setup ] 


Pull-up the external interrupt pin in advance is also recommended. 


C If the interrupt request flag is set to "1" at the switching of the interrupt edge, an interrupt is 
f 
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3-3-5 Key Input Interrupt 


Mikey Input Interrupt (External interrupt 4) 
This LSI can set port 4 pin (P40 - P47) by 2 bits to key input pin. Key input interrupt can generate an 
interrupt at the falling edge, if at least 1 key input pin outputs low level. 


Key input pin should be pull-up in advance. 











When port 4 key input interrupt is used, set the REDG4 flag of the external interrupt 4 control 
: register ( IRQ4ICR) to "0" (falling edge). 
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Key Input Interrupt Setup Example (External interrupt 4) 


After P40 to P43 of port 4 are set to key input pins and key is input (low level), the external interrupt 4 


(IRQ4) is generated. An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Set the key input pin to input. 
P4DIR (x'3F34') 
bp3-0 : P4DIR3-0 = 0000 


Set the pull-up resistance. 
P4PLU (x'3F44') 
bp3-0 : P4PLUD3-0 = 1111 


Select the key input interrupt. 
P4IMD (x'3F3C’) 
bp7 :IRQ4SEL =1 


Select the key input pin. 
P4IMD (x'3F3C') 
bp1-0 : PAKYEN2-1= 11 


Specify the interrupt active edge 
IRQ4ICR (x'3FED’') 
bp5 : REDG4 =0 


Set the interrupt level. 
IRQ4ICR (x'3FED') 
bp7-6 : IRQ4LV1-0= 10 


Enable the interrupt. 
IRQ4ICR (x'3FED') 
bp1 -IRQ4IE =1 





Set the P4DIR3-0 flag of the port 4 direction 
control register (P4DIR) to "0000" to set P40 to 
P43 pins to input pins. 


Set the P4PLUD 3-0 flag of the port 4 pull-up/ 
down resistor control register (P4PLUD) to 
"1111" to add the pull-up resistor to P40 to 
P43 pins. 


Set the IRQ4SEL flag of the port 4 key interrupt 
control register (P4IMD) to "1" to select the 
external interrupt 4 source to the port 4 key 
interrupt. 

Set the P4KYEN 2-1 flag of the port 4 key 
interrupt control register (P4IMD) to "11" to 
set P40 to P43 pins to key input pins. 


Specify the falling edge to the interrupt active 
edge by setting "0" to the REDG4 flag of the 
external interrupt 4 control register (IRQ4ICR). 


Set the interrupt level by the IRQ4LV1-0 flag 
of the IRQ4ICR register. 


If the interrupt request flag has been already 
set, clear it. 
[ @ Chapter 3 3-1-4. Interrupt flag setup ] 


Set the IRQ4IE flag of the IRQ4ICR register 
to "1" to enable the interrupt. 





Note : The above (3) and (4) or (5) and (6) are set at the same time. 


If there is at least one input signal, from the P40 to P43 pins, shows low level, the external interrupt 
4 is generated at the falling edge. 








The setup of the key input should be done before the interrupt is enabled. 
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3-3-6 Noise Filter 


MNoise Filter (External interrupts 0 to1) 


Noise filter reduces noise by sampling the input waveform from the external interrupt pins (IRQO, IRQ1). 
lts sampling cycle can be selected from 4 types (fs/2?, fs/2°, fs/2°, fs/2"°). 


MINoise Remove Selection (External interrupts 0 to 1) 
Noise remove function can be used by setting the NFnEN flag of the noise filter control register (NFCTR) 


to "1". 


Table 3-3-3 Noise Remove Function 

















NFnEN IRQO input (P20) IRQ1 input (P21) 
0 IRQO Noise filter OFF IRQ1 Noise filter OFF 
1 IRQO Noise filter ON IRQ1 Noise filter ON 








Sampling Cycle Setup (External interrupts 0 and 1) 
The sampling cycle of noise remove function can be set by the NFnCKS 1- 0 flag of the NFCTR register. 


Table 3-3-4 Sampling Cycle / Time of Noise Remove Function 
































Neesieeen' HERBS Sampling High-frequency oscillation 
cycle at fosc=20 MHz at fosc=8 MHz 
0 fs/2? 2.5 MHz 400 ns 1 MHz 1 us 
: 1 fs/2® 39.06 kHz} 25.60 us | 15.62 kHz 64 us 
; 0 fs/29 19.53 kHz} 51.20 us | 7.81 kHz 128 us 
1 fs/2'° 9.77 kHz | 102.40 us| 3.91 kHz 256 Us 
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MNoise Remove Function Operation (External interrupts 0 to 1) 

After sampling the input signal to the external interrupt pins ( |RQO, IRQ1) by the set sampling time, if the 
same level comes continuously three times, that level is sent to the inside of LSI. If the same level does 
not come continuously three times, the previous level is sent. It means that only the signal with the width 
of more than " Sampling time X 3 sampling clocks " can pass through the noise filter, and other much 
narrower signals are removed, because those are regarded as noise. 


mr deeb td 


IRQn pin input signal 









Waveform after 
filtering noise 


Figure 3-3-7 Noise Remove Function Operation 


Noise filter can not be used at STOP mode and HALT mode. 
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MNoise Filter Setup Example (External interrupt 0 and 1) 

Noise remove function is added to the input signal from P20 pin to generate the external interrupt 0 
(IRQO) at the rising edge. The sampling clock is set to fs/2?, and the operation state is fosc = 20 MHz. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Specify the interrupt active edge. 


IRQOICR (x'3FE2’) 
bp5 :REDGO =1 


Select the sampling clock. 
NFCTR (x'3F8A') 
bp2-1 : NFOCKS1-0 = 00 


Set the noise filter operation. 
NFCTR (x'3F8A') 
bpd :-NFOEN =1 


Set the interrupt level. 
IRQOICR (x'3FE2') 
bp7-6 : IRQOLV1-0= 10 


Enable the interrupt. 
IRQOICR (x'3FE2') 
bp1 -IRQOIE ==1 





(1) Set the REDG 0 flag of the external interrupt 0 
control register (IRQOICR) to "1" to specify the 
interrupt active edge to the rising edge. 


(2) Select the sampling clock to fs/2? by the 
NFOCKS1-0 flag of the noise filter control 
register (NFCTR). 


(3) Set the NFOEN flag of the NFCTR register to 
"1" to add the noise filter operation. 


(4) Set the interrupt level by the IRQOLV 1- 0 flag of 
the IRQOICR register. 


If any interrupt request flag had already been 
set, clear it. 
[ « Chapter 3 3-1-4. Interrupt flag setup ] 


(5) Set the IRQOIE flag of the IRQOICR register to 
"1" to enable the interrupt. 








Note : The above (2) and (3) are set at the same time. 


The input signal from the P20 pin generates the external interrupt 0 at the rising edge of the signal, 
after passing through the noise filter. 





C The setup of the noise filter should be done before the interrupt is enabled. 
Ls 


The external interrupt pins are recommended to be pull-up in advance. 
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3-3-7 AC Zero-Cross Detector 


This LSI has AC zero-cross detector circuit. The P21 / ACZ pin is the input pin of AC zero-cross detector 
circuit. AC zero-cross detector circuit output the high level when the input level is at the middle, and 
outputs the low level at other level. 


WAC Zero-Cross Detector (External interrupt 1) 

AC zero-cross detector sets the IRQ1 pin to the high level when the input signal (P21/ACZ pin) is at 
intermediate range. At the other level, IRQ1 pin is set to the low level. AC zero-cross can be detected by 
setting the P21IM flag of the pin control register (FLOAT1) to "1". 


approx.10 ms at 50 Hz 
approx.8.3 ms at 60 Hz 





AC line waveform “ > 











Ideal Fan ico 























IRQ1 

Actual 

IRQ1 
Point A—> : : 


Figure 3-3-8 AC Line Waveform and IRQ1 Generation Timing 


Actual IRQ1 interrupt request is generated several times at crossing the 1/2 VDD of AC line wave- 
form. So, the filtering operation by the program is necessary. 


If you select the noise filter, the judgement of this program can be easier. But it can not be used for 
the recover when OSC is stopped at the back up mode. 
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HAC Zero-Cross Detector Setup Example (External interrupt 1) 

AC zero-cross detector generates the external interrupt 1 (IRQ1) by using P21/ACZ pin. 
The sampling clock is set to fs/2?, and the noise filter is used. 

An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Select the interrupt edge. 
IRQ1ICR (x'3FE3') 
bp5 :REDG1 =1 


(2) Select the noise filter and its 
sampling clock. 
NFCTR (x'3F8A') 
bp3 :NFIEN =1 
bp5-4 : NF1CKS1-0 = 00 


(3) Select the AC zero-cross detector 


signal. 
FLOAT1 (x'3F4B') 
bp2 : P21IM =1 


(4) Set the interrupt level. 
IRQ1ICR (x'3FE3’') 
bp7-6 : IRQ1LV1-0= 10 


(5) Enable the interrupt. 
IRQ1ICR (x'3FE3') 
bp1 SIRQIWUE 8 =1 








(1) 


Set the REDG1 flag of the external interrupt 1 
control register (IRQ1ICR) to "1" to specify the 
active edge of the external interrupt to "rising". 


Select the noise filter by the NF1EN, 
NFCKS1-0 flag of the noise filter control 
register (NFCTR). And select fs/2? for its 
sampling cycle. 


Set the P21IM flag of the pin control 
register 1 (FLOAT1) to "1" to select the AC 
zero-cross detector signal as the external 
interrupt 1 generation factor. 


Set the interrupt level by the IRQ1LV 1-0 
flag of the IRQ1ICR register. 


If any interrupt request flag had already been 
set, clear it. 
[« Chapter 3 3-1-4. Interrupt flag setup ] 


Set the IRQUIE flag of the IRQ1ICR register to 
"1" to enable the interrupt. 





When the input signal level from P21/ACZ pin crosses 1/2 VbD, the external interrupt 1 is generated. 
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Chapter 4 I/O Ports 


4-1 Overview 


4-1-1 I/O Port Diagram 


A total of 71 pins on this LSI, including those shared with special function pins, are allocated for the 10 
I/O ports of ports 0 to 8 and port A. Each I/O port is assigned to its corresponding special function 
register area in memory. I/O ports are operated in byte or bit units in the same way as RAM. 











+——» P00, TXD,SBOO NWE,P50 |}«———»> 
+——, P01,RXD,SBIO NRE,P51 |}«——__» 
<+——> P02,SBT0O NCS,P52 |«——> 
PortO Mm > Bei. A16,P53 |< > Ports 
++—» P04,SBI1 
+——-» P05,SBT1 FE 
+——Y» P06,NDK,BUZZER 
A0,P60 }*———_> 
A1,P61 ‘*——> 
<+—_—_> P1 0,RMOUT,TMOIO A2,P62 }¢—_—_—_» 
<> P11, TM110 ag. Pe3 ¢—> 
Port +> P12,TM210 A4,P64 }¢#———> \ Port6 
<——>| P13, TM310 A5,P65 }#——> 
<> P14, TM410 A6,P66 #——> 
A7,P67 }*——_> 
——» P20,IRQ0 SDOO0,A8,P70 «———> 
———»| P21,IRQ1,ACZ SDO1,A9,P71 «———> 
Port2 ———— >} P22, IRQ2 SDO2,A10,P72 }*——> 
———+| P23, IRQ3 $DO3,A11,P73 }# ——> Port7 
———>| P24, IRQ4 S$D04,A12,P74 }# ——> or 
———>} P27,NRST $DO5,A13,P75 }#——> 
SDO6,A14,P76 }*——_> 
SDO7,A15,P77 <>} 
+—>  P30,SB02 
+——-> P31,SBl2 LEDO,DO,P80 }——> )\ 
+»  P32,SBT2 LED1,D1,P81 }¢«———» 
+—_—» P33 LED2,D2,P82 }¢«———» 
Ports «>| P34 LED3,D3,P83 Js» 
<> P35 LED4,D4,P84 }#——> Port8 
+——» P36* LED5,D5,P85 }¢«———» 
<+—_—_>} P37* LED6,D6,P86 }«———» 
LED7,D7,P87 }«———»> 
<+——>} P40,KEYO ANO,PAO }¢—— 
+—» P41,KEY1 AN1,PA1 }#——— 
+——» P42,KEY2 AN2,PA2 }¢——— 
<>} P43, KEY3 AN3 PA3 # 
Port4 <+— >} P44, KEY4 ANE — PortA 
<>) P45,KEY5 AN5,PA5 }¢—— 
+» P46,KEY6 AN6,PA6 }& ——— 
+——» P47, KEY7 AN7,PA7 }¢———— 











Figure 4-1-1 I/O Port Functions 
*P36 and P37 are not allocated to MN101CF51G. 
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4-1-2  1/O Port Status at Reset 
Table 4-1-1 I/O Port Status at Reset (Single chip mode) 
Port Name VO mode Pull-up / Pull-down resistor VO port, special functions 

Port 0 Input mode No pull-up resistor VO port 

Port 1 Input mode No pull-up resistor VO port 

Port 2 Input mode No pull-up resistor VO port 

Port3 Input mode No pull-up resistor VO port 

Port4 Input mode No pull-up resistor VO port 

Port 5 Input mode No pull-up resistor VO port 

Port 6 Input mode No pull-up resistor VO port 

Port 7 Input mode No pull-up / pull-down resistor VO port 

Port 8 Input mode No pull-up resistor VO port 

Port A Input mode No pull-up / pull-down resistor VO port 

Table 4-1-2 I/O Port Status at Reset (Memory expansion mode and Processor mode) 

Port Name VO mode Pull-up / Pull-down resistor | VO port, special functions 
Port 0 Input mode No pull-up resistor VO port * 
Port 1 Input mode No pull-up resistor VO port 
Port 2 Input mode No pull-up resistor VO port 
Port3 Input mode No pull-up resistor VO port 
Port4 Input mode No pull-up resistor VO port 
Port 5 Output mode NWE, NRE, NCS, A16, A17 
Port 6 Output mode AO to A7 
Port 7 Output mode A8 to A15 
Port 8 Input mode DO to D7 
Port A Input mode Ne seston VO port 




















* PO6 is used as NDK pin (input mode). 
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4-1-3 Control Registers 


Ports 0 to 8 and A are controlled by the data output register (PnOUT), the data input register (PnIN), the 
I/O direction control register (PnDIR), the pull-up resistor control register (PnPLU) and the pull-up / pull- 
down resistor control resister (PnPLUD) and registers (SYSMD, P1OMD, PAIMD, P4IMD, EXADV, 
FLOAT1, FLOAT2) that control special function pin. 


This I/O control is valid at selection of the special function, as well. But if the processor mode is set, P06, 


P50 to P54, P60 to P67, P70 to P77 and P80 to P87 cannot be I/O controlled by register setting. 


Table 4-1-3 shows the registers to control ports 0 to 8 and A ; 






















































































Table 4-1-3 I/O Port Control Registers List (1/2) 
Register Address R/W Function Page 
POOUT X'03F 10' R/W |Port 0 output register \V-7 
Porto POIN X'03F20' R_ |Port 0 input register \V-7 
PODIR x'03F30' R/W |Port 0 direction control register -7 
POPLU x'03F40' R/W |Port 0 pull-up resistor control register \V-7 
P10UT X'03F11' R/W |Port 1 output register N-13 
P1IN X'03F21' R_|Port 1 input register V-13 
Porti |P1DIR X'03F31' R/W |Port 1 direction control register NV-13 
P1PLU X'03F41' R/W |Port 1 pull-up resistor control register N-13 
P1OMD X'03F39' R/W |Port 1 output mode register V-14 
P2OUT X'03F12' R/W |Port 2 output register V-17 
Port2 |P2IN X'03F22' R_ |Port 2 input register NV-17 
P2PLU X'03F42' R/W |Port 2 pull-up resistor control register V-17 
P30UT X'03F13' R/W |Port 3 output register IV-20 
Bad P3IN X'03F23' R_ |Port 3 input register IV-20 
P3DIR X'03F33' R/W |Port 3 direction control register IV-20 
P3PLU X'03F43' R/W |Port 3 pull-up resistor control register IV-20 
P4OUT X'03F 14' R/W |Port 4 output register IV-26 
P4IN X'03F24' R_ |Port 4 input register IV-26 
Port4 |P4DIR X'03F34' R/W |Port 4 direction control register I-26 
P4PLU X'03F44' R/W |Port 4 pull-up resistor control register IV-26 
P4IMD X'03F3C' R/W | Key input interrupt NV-27 
IV-4 = Overview 
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Table 4-1-4 1/O Port Control Registers List (2/2) 
Register Address Function Page 
P50UT x'03F15' Port 5 output register IV-30 
P5SIN x'03F25' Port 5 input register IV-30 
_ P5DIR x'03F35' Port 5 direction control register IV-30 
P5PLU x'03F45' Port 5 pull-up resistor control register IV-30 
P6OUT x'03F16' Port 6 output register N-34 
Pont 6 P6IN x'03F26' Port 6 input register N-34 
P6DIR x'03F36' Port 6 direction control register NV-34 
P6PLU x'03F46' Port 6 pull-up resistor control register N-34 
P7OUT x'03F17' Port 7 output register NV-38 
ee P7IN X'03F27' Port 7 input register NV-38 
P7DIR x'03F37' Port 7 direction control register NV-38 
P7PLUD x'03F47' Port 7 pull-up / pull-down resistor control register NV-38 
P80UT x'03F18' Port 8 output register N-43 
paaa P8IN x'03F28' Port 8 input register N-43 
P8DIR x'03F38' Port 8 direction control register N-43 
P8PLU x'03F48' Port 8 pull-up resistor control register N-43 
PAIN X'03F2A' Port A input register IV-46 
PortA |PAIMD X'03F3A' Port A input mode register IV-46 
PAPLUD X'03F4A' Port A pull-up / pull-down resistor control register IV-46 
EXADV xX'03F0E' Expansion address output control register IV-31,IV-39 
Pin |SYSMD X'03F1F' Synchronous output control register V-40 
control |FLOAT1 x'03F4B' Pin control register 1 IV-40,IV-47 
FLOAT2 X'03F4C' Pin control register 2 IV-40 
Overview IV-5 
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4-2 Porto 
4-2-1 Description 


™General Port Setup 

Each bit of the port 0 control I/O direction register (PODIR) can be set individually to set pins as input or 
output. The control flag of the port 0 direction control register (PODIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 0 direction control register (PODIR) to "0" and 
read the value of the port 0 input register (POIN). 


To output data to pin, set the control flag of the port 0 direction control register (PODIR) to "1" and write 
the value of the port 0 output register (POOUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 0 pull-up resistor control 
register (POPLU). Set the control flag of the port 0 pull-up resistor control register (POPLU) to "1" to add 
pull-up resistor. 

At reset, the input mode is selected and pull-up resistors are disabled (high impedance output). 


Special Function Pin Setup 

POO to PO2 are used as I/O pin for serial interface 0, as well. POO is output pin of the serial interface 0 
transmission data, and UART transmission data. When the SCOSBOS flag of the serial interface 0 mode 
register 3 (SCOMD3) is "1", POO is serial data output pin. PO1 is the input pin of the serial interface 0 
reception data, and UART reception data. When the SCOSBIS flag of the serial interface 0 mode register 
3 (SCOMDS9) is "1", PO1 is serial data input pin. PO2 is I/O pin of the serial interface 0 clock. When the 
SCOSBTS flag of serial interface 0 mode register 3 (GCOMD3) is "1", PO2 is serial interface clock output 
pin. 

POO and P02 can be selected as either an push-pull output or Nch open-drain output by the SCOSBOM 
and the SCOSBTM of the serial interface 0 mode register 3 (SCOMD3). 

[@ Chapter 10 10-2. Control registers ] 

P03 to PO5 are used as I/O pin for serial interface 1, as well. P03 is output pin of the serial interface 1 
transmission data. When the SC1SBOS flag of the serial interface 1 mode register 1 (SC1MD1) is "1", 
PO3 is serial data output pin. P04 is the serial interface 1 reception data input pin. When the SC1SBIS 
flag of the serial interface 1 mode register 1 (SC1MD1) is "1", P04 is serial data input pin. P05 is I/O pin 
of the serial interface 1 clock. When the SC1SBTS flag of serial interface 1 mode register 1 (SC1MD1) is 
"{", PO5 is serial interface clock output pin. 

P03 and P05 can be selected as either an push-pull output or Nch open-drain output by the SC1SBOM 
and the SC1SBTM of the serial interface 1 mode register 1 (SC1MD1). 

[@ Chapter 11 11-2. Control registers ] 

PO6 is used as a buzzer output pin, as well. When the bp7 of the oscillation stabilization control register 
(DLYCTR) is "1", buzzer output is enabled. In processor mode or memory expansion mode, data ac- 
knowledge mode input pin (NDK) is selected. In those mode, input mode is always selected. 
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POOUT 


POIN 


PODIR 


POPLU 

















Registers 
6 5 4 3 2 1 0 
POOUTE | POOUTS | POOUT4 | POOUT3 roour | pour PQOUTO 
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(At reset :-0000000) 




















POOUT Output data 
0 L(Vss level) 
1 H(Vpbp level) 





Port 0 output register (POOUT : x'03F10', R/W) 


6 5 


4 


3 


2 


1 0 








POIN6 | POINS 








POIN4 





POINS 





POIN2 





POIN1 | POINO 











(At reset :- XX XX XXX) 








Port 0 input register (POIN : x'03F20', R) 


6 5 


4 


3 


2 


1 0 








PODIR6|PODIRS 








PODIR4 





PODIR3 





PODIR2 





PODIR1 | PODIRO 














Port 0 direction control register (PODIR : x'03F30', R/W) 


6 5 


4 


POIN 


Input data 





0 


Pin is low(Vss level). 








1 





Pin is high(Vpbp level). 





(Atreset:-0000000 ) 








3 


2 


1 0 








POPLU6/POPLU5 








POPLU4 





POPLU3 





POPLU2 





POPLU1 |POPLUO 











PODIR 


I/O mode selection 





0 


Input mode 





1 








Output mode 





(At reset :-0000000) 








POPLU 


Pull-up resistor selection 





0 


No pull-up resistor 








1 





Pull-up resistor 





Port 0 pull-up resistor control register (POPLU : x'03F40', R/W) 


Figure 4-2-1 


Port 0 Registers 


Port 0 
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4-2-3. Block Diagram 


SCOMDS register 
SCOSBOM flag 








\ 
































































































































































































































P01 


awe Heset 
R | POPLUO 
Pull-up resistor control + DQ + [> _ 
Write CK \A- Read 
a 
R_| PODIRO 
1/O direction control 5a DQ * + >: ~ 
Write CK \A- Read 
ET x POO 
5 nese VY 
g R_| POOUTO =). < 
Port output data 2, + DQ - 
Write —jCK Read T/T 
Schmitt input 
,_POINO 
Port input data N 
Read 
Serial interface 0 reception data input/ 
UART reception data input 
Serial interface 0 transmission data output/ 
UART transmission data output 
SCOMDS register 
SCOSBOS flag 
Figure 4-2-2 Block diagram (P00) 
aw Heset S 
R_| POPLU1 
Pull-up resistor control * DQ ? [> | >! 
Write —Ick \A Read 
ae 
R | PODIR1 
/O direction control + Da 0 * + Jo. | |p 
o Write —4CK \ FZ Read PA Ney, 
g oe 
gz Resel _— 
¢ #] POOUTI J > 
Port output data * DQ + 
Write —jCK \F Read T/T 
POIN1 Schmitt input 
Port input data ‘ | 
EX: | Read 
Serial interface 0 reception data input 
/UART reception data input 
Figure 4-2-3 Block diagram (P01) 
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SCOMDS register a: 
SCOSBTM flag 
[Ne Reset 
; R_| POPLU2 | 
Pull-up resistor control + DQ + [> >| 
Write —lck \A- Read | 
Reset 
R_] PODIR2 L__4 
I/O direction control ° DQ 0 ° * P: | 
Write —Ick \A Read 
Y 1X} Poe 
Oo ise 
i} 
a R| POOUT2 0, |M 
Port output data eg + DQ + + ==) By 
ao ; co 1 U 
Write —jCK Read T/T 
Xx 
‘ POIN2 Sot input 
Port input data N J 
Read 
| 
Serial interface 0 clock input 
Serial interface 0 clock output 
SCOMD3 register 
SCOSBTS flag 
Figure 4-2-4 Block diagram (P02) 
SC1MD1 register af 
SC1SBOM flag S 
pS as POPLU3 
R 
Pull-up resistor control ° DQ i pe | gil 
Write —JCK Read 
Reset 
R | PODIR' 
1/O direction control ° DQ 0 3 * >: > 
Write —Ick \AF Read 
+—+—}X] Pos 
0 Reset Vv 
2 | 
8 R] POOUTS o,|M = B 
Port output data bes . DQ + + 1 
a ; ae { U 
Write —jCK Read 7/7 
Xx 
Schmitt input 
POINS 
Port input data N 
Read 
~ | 











Serial interface 1 
transmission data output 





SC1MD1 register 
SC1SBOS flag 





Figure 4-2-5 Block diagram (P03) 
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Oo Rese 
Pull-up resistor control ° pd POPLU4 > 
Write —Ick a Read 
nese 
/O direction control ° oo PODIR4 * | meet 
9 Write —|ck \A Read 
e Reset Y x] a 
G 
Port output data + ba POOUT4 —_) > ie 
Write —jCK \A- Read T/T 
Port input data ‘ POIN4 soe uae 
| Read 





Serial interface 1 
reception data input 


Figure 4-2-6 Block Diagram (P04) 





SC1MD1 register 
SC1SBTM flag 





tla 











































































































IO Bese 
R_| POPLU5 | 
Pull-up resistor control * DQ * > | 
Write —Ick \A Read 
sins 
At R_| PODIR5S [= = — 
1/0 direction control * DQ + * jo > 
Write —Ick \F- Read falls 
+X pos 
Reset 
9 | 
g | POOUTS O.|M - 
Port output data | o + DQ + ° 
5 ; ——- { U 
Write —jCK Read 7/7 
Xx 
Schmitt input 
_POINS 
Port input data | 
Read 








Serial interface 1 
clock input 








Serial interface 1 
clock output 





SC1MD1 register 
SC1SBTS flag 





Figure 4-2-7 Block Diagram (P05) 
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Pull-up resistor control 


/O direction control 


Port output data 


Port input data 


Data acknowledge signal 


Buzzer output 


DLYCTR register 
BUZOE flag 
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Expansion control 














[\. Hess 
R_| POPLU6 
Da [>e | 
Write —jCK Read 
PODIR 
a 0 6 5 — ise 
Write —Ick \A Read 
s Hesel ve 
o M P 
g sf] POOUTS > S 
Write —CK \ A Read U 
X LEE 
A 
POING6 ee input 
J 
Read 
“NS 


* In processor mode, and memory expansion mode, 
input mode is always selected. 


Figure 4-2-8 Block Diagram (P06) 








In memory expansion mode, PO6 pin is used for NDK pin even if the handshake 
mode is not used. So P06 cannot be used for general input pin or buzzer output. 
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4-3 Port 1 


4-3-1 Description 


™General Port Setup 

Each bit of the port 1 control I/O direction register (P1DIR) can be set individually to set pins as input or 
output. The control flag of the port 1 direction control register (P1DIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 1 direction control register (P1DIR) to "0" and 
read the value of the port 1 input register (P1IN). 


To output data to pin, set the control flag of the port 1 direction control register (P1DIR) to "1" and write 
the value of the port 1 output register (P1OUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 1 pull-up resistor control 
register (P1PLU). Set the control flag of the port 1 pull-up resistor control register (P1PLU) to "1" to add 
pull-up resistor. 


At reset, the input mode is selected and pull-up resistors are disabled (high impedance output). 


@Special Function Pin Setup 

P10 to P14 are used as timer I/O pin, as well. P10 is used as remote control carrier output pin, as well. 
The port 1 output mode register (P1OMD) can select P10 to P14 output mode by each bit. When the port 
1 output mode register (P1OMD) is "1", special function data is output, and when it is "0", they are used 
as general port. 


IV-12. Port1 


4-3-2 


P10UT 


P1IN 


P1DIR 


P1PLU 


Registers 


6 5 4 


3 


2 


{ 


0 








P1OQUT4 











P1OUT3 





P1OUT2 Prour 


P1QUTO 
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(At reset: ---00000) 























Port 1 output register (P1OUT : x'03F11', R/W) 


3 


2 


{ 


0 








P1IN4 








P1IN3 





P1IN2 





P1IN1 





[Puno 

















Port 1 input register (P1IN : x'03F21', R) 


6 5 4 


3 


2 


{ 


0 








P1DIR4 








P1DIR3 





P1DIR2 





P1DIR1 





P1DIRO 














Port 1 direction control register (P1DIR : x'03F31', R/W) 


6 5 4 


3 























2 


{ 


0 








P1PLU4 











P1PLU3 


P1PLU2 





P1PLU1 








F PLUO 














P1OUT Output data 
0 Low (VSss level) 
1 High (Vpp level) 

(At reset :---XXXXX) 
P1IN Input data 
0 Pin is low(Vss level). 
1 Pin is high(Vpp level). 
(At reset: ---00000) 

P1DIR /O mode selection 
0 Input mode 
1 Output mode 











(At reset :---00000) 








P1PLU 


Pull-up resistor selection 





0 


No pull-up resistor 





1 








Pull-up resistor 





Port 1 pull-up resistor control register (P1PLU : x'03F41', R/W) 


Figure 4-3-1 


Port 1 Registers (1/2) 
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4 


3 


2 


{ 


0 











P10OMD — 


P14TCO 








P13TCO 





P12TCO 





P11TCO 


P10TCO 
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(Atreset:- - -00000) 
P10TCO V/O port, timer 0 output selection 
0 I/O port 
Timer 0 output 
P11TCO V/O port, timer 1 output selection 
0 I/O port 
Timer 1 output 
P12TCO \/O port, timer 2 output selection 
0 I/O port 
Timer 2 output 
P13TCO V/O port, timer 3 output selection 
0 I/O port 
Timer 3 output 
P14TCO V/O port, timer 4 output selection 
0 I/O port 
Timer 4 output 











Port 1 output mode register (P1OMD : x'03F39', R/W) 


Figure 4-3-2 Port 1 Registers (2/2) 
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4-3-3. Block Diagram 



































































































































aw Hose S 
R_| P1PLUO 
Pull-up resistor control * DQ + [> | >| 
Write Ick \A Read 
nese 
P1DIRO 
/O direction control . DQ * ' Bb: | - 
Write —ck \F- Read a 
z Bese 
a R | P1OUTO 0 M J >— pa 
Port output data g a DQ U 
e, Write —ck Read 1 
x 7/7 
od 
R | P10TCO 
Output mode control * DQ si 
Write —lck \F Read 
Schmitt input 
Port input data | P1INO | 
7K Read 
Timer input 
Timer output / 








Remote control carrier output 


* The TMORM flag of the RMCTR register switches the remote control output and the timer output. 


Figure 4-3-3 Block Diagram (P10) 


PS, Heset 3 
R_| P1PLU1-4 




















































































































Pull-up resistor control + DQ [>e | > 
Write —jCK \F- Read aa 
Reset 
R_| P1DIR1-4 
/O direction control + DQ ° Jo > 
Write —jCK Read 
VY +X] P11-P14 
Reser 
o 
o Rk] P1OUT1-4 o |M a 
Port output data . * DQ + U at 
c — 
sid Write —4CK “L— Read 1 
x 7/7 
Reset 
R] P11-14TCO 
Output mode control + DQ + 
Write —7CK Read 
Schmitt input 
, P1IN1-4 Z 
Port input data N | 
Ns) Read 
Timer input 








Timer output 





Figure 4-3-4 Block Diagram (P11 to P14) 
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4-4 Port 2 


4-4-1 Description 

™General Port Setup 

Port 2 is input port, except P27. To read input data of pin, read out the value of the port 2 input register 
(P2IN). 

P27 is reset pin. When the software is reset, write the bp7 of the port 2 output register (P2OUT) to "0". 
The port 2 pull-up resistor control register (P2PLU) can select if port 2 is added pull-up resistor or not, by 
each bit. When the control flag of the port 2 pull-up resistor control register (P2PLU) is set to "1", pull-up 


resistor is added. P27 is always added pull-up resistor. 


Special Function Pin Setup 
P20 to P24 are used as external interrupt pins, as well. 


P21 is used as an input pin for external interrupt and AC zero-cross. To read data of AC zero-cross, set 
the bp2 of the pin control register (FLOAT1) to "1" and read the value of the port 2 input register (P2IN). 
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4-4-2 Registers 


7 6 5 4 3 2 1 0 
P2OUT P2OUT7 (Atreset:1------ - ) 









































P2OUT Output data 





0 Low (Vss level) 
1 High (Vpp level) 

















Port 2 output register(P2OUT : x'03F12', R/W) 


7 6 5 4 3 2 1 0 















































P2IN _ = — | P2IN4 | P2IN3 | P2IN2 | P2IN1 | P2INO | ( At reset :---XX XXX) 
P2IN Input data 
0 Pin is Low (Vss level). 
1 Pin is High (VDD level). 














Port 2 input register (P2IN : x'03F22’, R) 


7 6 5 4 3 2 1 0 












































P2PLU _ = — |P2PLU4|P2PLU3/P2PLU2|P2PLU1 peptuo (At reset:- --00000) 
| P2PLU Pull-up resistor selection 
0 No pull-up resistor 
1 Pull-up resistor 














Port 2 pull-up resistor control register(P2PLU : x'03F42', R/W) 


Figure 4-4-1 Port 2 Registers 
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4-4-3 





Block Diagram 

























































































































































































C\. iia 
Pull-up resistor control bg P2PLUO,2-4 [>e >! 
Write —\ck \A Read 
S 
g +—[X/ P20, P22-P24 
Port input data ‘ P2INO,2-4 | 
J Read Schmitt input 
External interrupt 
Figure 4-4-2 Block Diagram (P20, P22 to P24) 
las - P2PLU1 
Pull-up resistor control + DQ [Se | >! 
Write —jCK Read 
5 Rese 
» | 
: aos g R | P21IM 
Special function input data a * DQ * — P24 
Write Ick \A- Read 
M d AC zero-cross detection circuit ———# 
Port input dat Eucde U| o 
ort input data ? 
~ aN X 
Schmitt input 
AC zero-cross input / 
External intrerrupt 
Figure 4-4-3 Block Diagram (P21) 
[NS 
Rese’ re 7 
| 
P2OUT7 
Port output data 8 A So | < 
Z Write CK 
7/7 
I P27 
“NO 
Reset signal input 
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Schmitt input 


* Pull- up resistor is always added. 


Figure 4-4-4 Block Diagram (P27) 
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4-5 Port3 
4-5-1 Description 


™General Port Setup 

Each bit of the port 3 control I/O direction register (P3DIR) can be set individually to set pins as input or 
output. The control flag of the port 3 direction control register (P3DIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 3 direction control register (P3DIR) to "0" and 
read the value of the port 3 input register (P3IN). 


To output data to pin, set the control flag of the port 3 direction control register (P3DIR) to "1" and write 
the value of the port 3 output register (P3OUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 3 pull-up resistor control 
register (P3PLU). Set the control flag of the port 3 pull-up resistor control register (P3PLU) to "1" to add 
pull-up resistor. 

At reset, the input mode is selected and pull-up resistors are disabled (high impedance output). 


Special Function Pin Setup 

P30 to P32 are used as I/O pin for serial interface 2, as well. P30 is output pin of the serial interface 2 
transmission data. When the SC2SBOS flag of the serial interface 2 mode register 1 (SC2MD1) is "1", 
P30 is serial data output pin. P31 is the input pin of the serial interface 2 reception data. When the 
SC2SBIS flag of the serial interface 2 mode register 1 (SC2MD1) is "1", P31 is serial data input pin. P32 
is I/O pin of the serial interface 2 clock. When the SC2SBTS flag of serial interface 2 mode register 1 
(SC2MD1) is "1", P32 is serial interface clock output pin. 

P30 and P32 can be selected as either an push-pull output or Nch open-drain output by the SC2SBOM 


and the SC2SBTM of the serial interface 2 mode register 1 (SC2MD1). 
[a Chapter 12 12-2. Control registers ] 


P36 and P37 are not allocated to MN101CF51G. 
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4-5-2 Registers 
7 6 5 4 3 2 1 0 
P3O0UT _ |P30UT7 | P30UT6 | P30UTS | P3OUT4 | P30UTS | P30UT2 | PSOUT1 }P30UT0 | ( At reset:00000000) 
| P30UT Output data 
0 L(Vss level) 
1 H(Vpp level) 
Port 3 output register (P3OUT : x'03F13', R/W) 
7 6 5 4 3 2 1 0 
P3IN P3IN7 | P3IN6 | P3IN5 | P3IN4 | P3IN3 | P3IN2 | P3IN1 | P3INO (At reset :X XXX XXXX) 
| P3IN Input data 
0 Pin is low(Vss level). 
1 Pin is high(VbDD level). 
Port 3 input register (P3IN : x'03F23', R) 
7 6 5 4 3 2 1 0 
P3DIR P3DIR7| P3DIR6 Paoins|PaDiRa P3DIR3 |P3DIR2 |P3DIR1 |P3DIRO (At reset:00000000) 
| P3DIR I/O mode selection 
0 Input mode 
1 Output mode 
Port 3 direction control register (P3DIR : x'03F33', R/W) 
7 6 5 4 3 2 1 0 
P3PLU | P3PLU7/P3PLU6 PaPLus|PoPLUM P3PLU3|P3PLU2|/P3PLU1|P3PLU0| (At reset:00000000) 
| P3PLU Pull-up resistor selection 
0 


No pull-up resistor 











1 Pull-up resistor 








Port 3 pull-up resistor control register (P3PLU : x'03F43', R/W) 


Figure 4-5-1 Port 3 Registers 
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4-5-3. Block Diagram 


SC2MD1 register 
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SC2SBOM flag 
ae Reset 
R_| P8PLUO | 
Pull-up resistor control * DQ + [> >| 
Write —jCK \ FA Read 
ese! 
R_| P3DIRO L_____ 
V/O direction control ? DQ + * »: > 
Write —jCK \F Read ae ee 
—4X]ps0 
Oo 
Reset 
g R_] P3OUTO > 
Port output data O + DQ * 
Write —{CK \F- Read T/7 
Schmitt input 
| P3INO 
Port input data N J 
Read 
Serial interface 2 reception data input 
Serial interface 2 transmission data output 
SC2MD1 register 
SC2SBOS flag 
Figure 4-5-2 Block diagram (P30) 
fin Xes neset 
R_| P3PLU1 
Pull-up resistor control DQ 2 MI [> a 
Write —jCK \ FA Read 
Reset 
R 
\/O direction control DQ PSDIR1 * Jo [> 
o Write —jCK \A- Read 
2 Vv; ++] P31 
Z Reset 
n 
R] P T1 
Port output data DQ 30U + “ 
Write —ck \A Read 7/7 
; 1 P3IN1 cum input 
Port input data J 
Read 





Serial interface 2 reception data input 








Figure 4-5-3 Block diagram (P31) 
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SC2MD1 register 





NWN-\ 






































































































































































































































P33 


SC2SBTM flag 
Re sarees 
R_| P8PLU2 
Pull-up resistor control ° DQ * >e | >| 
Write —jCK \A Read 
si 
ee R_| P3DIR2 
/O direction control * DQ + * Jo |—> 
Write Ick \A Read 
VY r-—+—_}x| P32 
0 Reset 
o 
a R| P3OUT2 0, |M —) > < 
Port output data ss * DQ + e 
Oo : a { U 
Write —jCK Read TIT 
x 
A 
. ; P3IN2 ele input 
ort input data N J 
Read 
| 
Serial interface 2 clock input 
Serial interface 2 clock output 
SC2MD1 register 
SC2SBTS flag 
Figure 4-5-4 Block diagram (P32) 
= 
fae aes S 
rR | P8PLU3 
Pull-up resistor control * DQ * le >| 
Write —4CK \ A Read 
a 
i os R | P3DIR3 
I/O direction control + DQ + * Jo > 
Write —jCK \ A Read 
o—__+—_ 
9 Heset VY 
s R | P3OUT3 = P 
Port output data ee * DQ + 
n 
Write —|Ck //— Read WT 
Schmitt input 
__P3IN3 
Port input data 
Read 





Figure 4-5-5 


IV -22  Port3 


Block diagram (P33) 


Pull-up resistor control 


I/O direction control 


Port output data 


Port input data 





Pull-up resistor control 


1/O direction control 


Port output data 


Port input data 
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Figure 4-5-7 Block Diagram (P35) 


PX Reset 
[a] P3PLU4 
+ DQ i [>e ee! 
Write —CK | Read 
Reset 
: an P3DIR4 y - 
9 Write {ck \ A Read Ko p 
= + 34 
g Reset VY ho 7 
. sig. P3OUT4 > 
Write —jCK \ FA Read 
P3IN4 Schmitt input 
~ | Read 
Figure 4-5-6 Block Diagram (P34) 
[\ es P3PLU5 ; 
. Bee + [>e >| 
Write —ck \ A Read 
Rese 
z aig P3DIRS gs [ 
Write —jCK \ FE Read 
¢——_+—_ P35 
- Hes x] 
zg R | P30UT5 
Ss - DQ + 
° Write —ck \A- Read 7/7 
P3IN5 ia input 
| 
Read 
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[\ nas P3PLU6 
Pull-up resistor control 7 a ° p> | >! 
Write —ck \F Read 
Reset 
R 
\/O direction control * DQ ESEIRG + | [> 
0 Write —CK \F Read 
o 
e +——+_}x| P36 
o: Reset Y 
ao 
R 
Port output data + DQ P3OUTE =a “ 
Write —jCK y- Read T/T 














P3IN6 Schmitt input 





Port input data 





Read 





XN 
* P36 is not allocated to MN101CF51G. 


Block Diagram (P36) 














































































































Figure 4-5-8 
[Ny ibe 2 
R | P3PLU7 
Pull-up resistor control + DQ + [>e | >| 
Write —jCK \F Read 
Reset 
R | P38DIR7 
1/O direction control * DQ + Jo > 
Write —jCK Read 
-———_—_—__+—_ 
S Reset V 
5 R | P3OUT7 —j\ > Ee 
Port output data g * DQ + 
i Write Ick \ FA Read TIT 
Schmitt input 
P3IN7 
Port input data I 
Read 
a 





*P37 is not allocated to MN101CF51G. 


Figure 4-5-9 Block Diagram (P37) 
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4-6 Port4 
4-6-1 Description 


™General Port Setup 

Each bit of the port 4 control I/O direction register (P4DIR) can be set individually to set pins as input or 
output. The control flag of the port 4 direction control register (P4DIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 4 direction control register (P4DIR) to "0" and 
read the value of the port 4 input register (P4IN). 


To output data to pin, set the control flag of the port 4 direction control register (P4DIR) to "1" and write 
the value of the port 4 output register (P4OUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 4 pull-up resistor control 
register (P4PLU). Set the control flag of the port 4 pull-up resistor control register (P4PLU) to "1" to add 
pull-up resistor. 

At reset, the input mode is selected and pull-up resistors are disabled (high impedance output). 


Special Function Pin Setup 
P40 to P47 are also used as input pins for key initerrupt. 


Key interrupt pin should be pull-up pin in advance. 











When key input interrupt is used, set the REDG4 flag of the external input 4 control register 
. (IRQ4ICR) to "0" (falling edge). 
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4-6-2 Registers 
7 6 5 4 3 2 1 0 
P4OUT  |P40UT7 | P4OUT6 | P4OUTS | P4OUTS | PAOUTS | P4OUT2 sour P4OUT0 | ( Atreset:00000000) 
| P4OUT Output data 
0 L(Vss level) 
1 H(Vbp level) 
Port 4 output register (P4OUT : x'03F14', R/W) 
7 6 5 4 3 2 1 0 
P4IN P4IN7 | P4IN6 | P4IN5 | P4IN4 | P4IN3 | P4IN2 | P4IN1 | P4INO (At reset: XXXXXXX) 
| P4IN Input data 
0 Pin is low(Vss level). 
1 Pin is high(Vbp level). 
Port 4 input register (P4IN : x'03F24', R) 
7 6 5 4 3 2 1 0 
P4DIR __|P4DIR7/P4DIR6|P4DIR5 Papin] PADI P4DIR2 |P4DIR1 |P4DIRO (At reset: 00000000) 
| P4DIR I/O mode selection 
0 Input mode 
1 Output mode 
Port 4 direction control register (P4DIR : x'03F34', R/W) 
7 6 5 4 3 2 1 0 
P4PLU _ |P4PLU7/P4PLU6|/P4PLU5 PapLusfpaPLUs P4PLU2|P4PLU1|P4PLU0| ( At reset:00000000) 
| P4PLU Pull-up resistor selection 
0 No pull-up resistor 











Pull-up resistor 





Port 4 pull-up resistor control register (P4PLU : x'03F44', R/W) 


Figure 4-6-1 Port 4 Registers (1/2) 
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7 6 5 4 3 2 1 0 





P4IMD |IRQ4SEL] — - - - _ |P4KYEN4IP4KYENS] P4KYEN2IP4KYENI (At reset:0--- 0000) 









































P4KYEN1 P41, P40 key interrupt 


























selection 
0 disable 
1 enable 
PAKYEN2 ae es key interrupt 
0 disable 
1 enable 











P45, P44 key interrupt 





P4KYENS 























selection 
0 disable 
1 enable 
PAKYEN4 fie ae key interrupt 
0 disable 
1 enable 














IRQ4SEL IRQ4 interrupt source selection 





0 external interrupt IRQ4 
1 P4 key interrupt 

















Key interrupt control register (P4IMD: x'03F3C', R/W) 


Figure 4-6-2 Port 4 Registers (2/2) 
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4-6-3. Block Diagram 





































































































(eee Rese 
: rR | P4PLUO-7 
Pull-up resistor control * DQ * p> ! >! 
Write —|ck \A Read 
ce 
R = 
/O direction control * DQ PADIRO-7 * Jo. > 
= Write —ck y- Read 
s VY +——_+ 
o 
z Rese 
ao 
R_| P4QUTO-7 
Port output data * DQ OUTO iP 
Write —4CK Read 7/7 
; P4INO-7 ae input 
Port input data i 
ae Read 








Key interrupt input 
KEY 0-7 


Figure 4-6-3 Block diagram (P40 to P47) 
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P40-47 
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4-7 Port 5 


4-7-1 Description 


™General Port Setup 

Each bit of the port 5 control I/O direction register (P5DIR) can be set individually to set pins as input or 
output. The control flag of the port 5 direction control register (P5DIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 5 direction control register (P5DIR) to "0" and 
read the value of the port 5 input register (P5IN). 


To output data to pin, set the control flag of the port 5 direction control register (P5DIR) to "1" and write 
the value of the port 5 output register (PSOUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 5 pull-up resistor control 
register (PSPLU). Set the control flag of the port 5 pull-up resistor control register (P5PLU) to "1" to add 
pull-up resistor. 


At reset in single chip mode, the P50 to P54 input mode is selected and pull-up resistors are disabled 
(high impedance output). In processor mode, NWE, NRE, NCS, A16 and A17 are selected. 


Special Function Pin Setup 
In processor mode or memory expansion mode, P50 to P52 are output pins for control signal to the 
expansion memory. In those mode, output mode is always selected. 


In processor mode or memory expansion mode, P53 and P54 are output pins for address to the expan- 
sion memory. But in memory expansion mode, the bp7 of the address output control register (EXADV) 
set if they are used as address output pins or general I/O pins. 


Table 4-7-1 Expansion Pins (P50 to P54) 

















; In processor mode 
Pins : * 
In memory expansion mode 

P50 NWE 

P51 NRE 

P52 NCS 

P53 A16 (External memory address bp16) 
P54 A17 (External memory address bp17) 





* In memory expansion mode, the bp7 of the EXADV register 
should be set to "1" for P53, 54 output address. 
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4-7-2 Registers 
6 5 4 3 2 1 0 
P50UT — — | P50UT4 | P50UT3 | PSOUT2 | P50UT1 esouro (Atreset:- - - 00000) 
| P50UT Output data 
0 Low (Vss level) 
1 High (VbD level) 
Port 5 output register (P5OUT : x'03F15', R/W) 
6 5 4 3 2 1 0 
P5IN — — | P5IN4 | P5IN3 | PS5IN2 | P5IN1 | PSINO | (At reset:- - - XX XXX) 
| P5IN Input data 
0 Pin is Low (Vss level). 
1 Pin is High (VDD level). 
Port 5 input register (P5IN : x'03F25', R) 
6 5 4 3 2 1 0 
P5DIR — — |PS5DIR4|P5DIR3 |P5DIR2|P5DIR1 /PSDIRO| (At reset:- - - 00000) 
P5DIR I/O mode selection 
0 Input mode 
1 Output mode 
Port 5 direction control register (P5DIR : x'03F35', R/W) 
6 5 4 3 2 1 0 
P5PLU = —  |P5PLU4/P5PLU3|P5PLU2|P5PLU1 |P5PLUO| ( At reset:- - - 00000) 
| P5PLU Pull-up resistor selection 








0 


No pull-up resistor 








1 





Pull-up resistor 





Port 5 pull-up resistor control register (P5PLU : x'03F45', R/W) 
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Figure 4-7-1 


Port 5 Registers (1/2) 
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7 6 5 4 3 2 1 0 
EXADV _JEXADV3|EXADV2/EXADV1] : - - : (At reset :000----- ) 



































P73 - P70"A11 - A8" address output during 











EXADN I memory expansion mode. 
0 General port 
1 "A11 to A8" address output 














EXADV2 P77 - P74 "A15 - A12" address output during 
memory expansion mode. 




















0 General port 
1 "A15 to A12" address output 
Sea ey oe aa 
0 General port 
1 "A17, 16" address output 














Expansion address output control register (EXADV: x'03FOE', R/W) 


Figure 4-7-2. Port 5 Registers (2/2) 





In memory expansion mode, unused address pin can be used as general port. 
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4-7-3 





Block Diagram 

















































































































Rese 
ik 
R_| PSPLUO-2 
Pull-up resistor control ° DQ * > | 
Write —Ick \A Read 
iste 
R_]| P5DIRO-2 
V/O direction control * DQ ° ° | »— me 
Write —ck \F Read ul 
Rese 
9 L 
Fy R | PSOUTO-2 o,|M =. < 
Port output data g + DQ * y 
ve Write —ck \F Read 1 
xX 7/7 
__P5INO-2 
Port input data 
Read 
“\S 
Write enable signal * In processor mode, memory expansion mode 
/Read enable signal output mode is always selected. 
/Chip select signal 
Expansion control 
Figure 4-7-3 Block Diagram (P50 to P52) 
Rese 
4 7] P5PLUS,4 
R 
Pull-up resistor control + da ra [>e 
Write —Jck \A Read 
Be 
R_| P5DIR3,4 
/O direction control + DQ 2 , * »—_ |p 
Write —jCK <tlacs 
——-— 
5 Reset 
8 7] P5OUTS,4 o|M 
ion R 
Port output data | & ° DQ uJ —~y >—- ea 
{ U 
Write —jCK 
x 7/7 
_ P5IN3,4 
Port input data N 
Read 
rt 


Address output 


Expansion control 
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* In processor mode, output mode is always selected. 


+X] P50-P52 


P53, P54 


* In memory expansion mode, set the bp7 of the EXADV register 
to be used as general I/O pin, or as address output pin. 


Figure 4-7-4 Block Diagram (P53, P54) 
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4-8 Port 6 


4-8-1 Description 


™General port Setup 

Each bit of the port 6 control I/O direction register (P6DIR) can be set individually to set pins as input or 
output. The control flag of the port 6 direction control register (PEDIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 6 direction control register (P6DIR) to "0" and 
read the value of the port 6 input register (P6IN). 


To output data to pin, set the control flag of the port 6 direction control register (P6DIR) to "1" and write 
the value of the port 6 output register (P6OUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 6 pull-up resistor control 
register (P6PLU). Set the control flag of the port 6 pull-up resistor control register (P6PLU) to "1" to add 
pull-up resistor. 


At reset in single chip mode, the P60 to P67 input mode is selected and pull-up resistors are disabled 
(high impedance output). In processor mode, AO to A7 output mode are selected. 


™Special Function Pin Setup 

In processor mode or memory expansion mode, P60 to P67 are output pins to the expansion memory. In 
those mode, any register cannot control input or output. Only at access to the expansion memory, 
address is output, and during other period (at NCS = "H") it is high impedance state (input mode). 


Table 4-8-1 Expansion Pins (P60 to P67) 

















Pins In processor mode 
In memory expansion mode 

P60 AO (External memory address bp0) 
P61 A1 (External memory address bp1) 
P62 A2 (External memory address bp2) 
P63 A3 (External memory address bp3) 
P64 A4 (External memory address bp4) 
P65 A5 (External memory address bp5) 
P66 A6 (External memory address bp6) 
P67 A7 (External memory address bp7) 
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4-8-2 Registers 
7 6 5 4 3 2 1 0 
P6OUT _ |P6OUT7|P60UT6|/PGOUT5|P6OUT4|P60UT3|PGOUT2|P60UT1|P6OUTO| ( At reset:00000000) 
P6OUT Output data 
0 Low (Vss level) 
1 High (VDD level) 
Port 6 output register (P6OUT : x'03F16', R/W) 
7 6 5 4 3 2 1 0 
P6IN P6IN7 | P6ING | P6IN5 | P6IN4 | P6IN3 | P6IN2 | P6IN1 | P6INO | ( At reset : X X XXX XXX) 
P6IN Input data 
0 Pin is Low (Vss level). 
1 Pin is High (VDD level). 
Port 6 intput register (P6IN : x'03F26', R) 
7 6 5 4 3 2 1 0 
P6DIR P6DIR7 | P6DIR6 | P6EDIRS | P6DIR4|P6DIR3 |P6DIR2|P6DIR1 |P6EDIRO| ( At reset:00000000) 
P6DIR I/O mode selection 
0 Input mode 
{ Output mode 
Port 6 direction control register (P6DIR : x'03F36', R/W) 
7 6 5 4 3 2 1 0 
P6PLU _/P6PLU7|P6PLU6|P6PLU5|P6PLU4 |P6PLU3|P6PLU2|P6PLU1 |P6PLUO| ( At reset 00000000) 
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P6PLU 


Pull-up resistor selection 





0 


No pull-up resistor 





1 








Pull-up resistor 





Port 6 pull-up resistor control register (P6PLU : x'03F46', R/W) 


Figure 4-8-1 


Port 6 Registers 
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4-8-3 Block Diagram 





























PS nese 
; R_| P6PLUO-7 | 
Pull-up resistor control * DQ * > | > 
Write —Ick \A Read | 
Rese 
R_| P6DIRO-7 
W/O direction control + DQ + * o = 

















Write —{Ck \ FA Read IE 
++] P60-P67 




































































iw] Rese 

x l 

c R_] P6EOUTO-7 0. |M iS 

Port output data 5 + DQ + y 
Write —\ck \A- Read 1 
xX 7/7 
__ P6INO-7 
Port input data N 
Read 
* In processor mode, memory expansion mode 

Address output output mode is always selected. 








Expansion control 


Figure 4-8-2 Block Diagram (P60 to P67) 
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4-9 Port7 
4-9-1 Description 


™General Port Setup 

Each bit of the port 7 control I/O direction register (P7DIR) can be set individually to set pins as input or 
output. The control flag of the port 7 direction control register (P7DIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 7 direction control register (P7DIR) to "0" and 
read the value of the port 7 input register (P7IN). 


To output data to pin, set the control flag of the port 7 direction control register (P7DIR) to "1" and write 
the value of the port 7 output register (P7OUT). 


Each pin can be set individually if pull-up / pull-down resistor is added or not, by the port 7 pull-up / pull- 
down resistor control register (P7PLUD). But pull-up / pull-down cannot be mixed. Set the control flag of 
the port 7 pull-up / pull-down resistor control register (P7PLUD) to "1" to add pull-up or pull-down resistor. 
The pin control register 1 (FLOAT1) select if pull-up resistor or pull-down resistor is added. The bp0 of 
the pin control register 1 (FLOAT1) is set to "1" for pull-down resistor, set to "0" for pull-up resistor. 


At reset in single chip mode, the P70 to P77 input mode is selected and pull-up resistors are disabled 
(high impedance output). In processor mode, A8 to A15 (address signal) output mode are selected. 


Special Function Pin Setup 

The synchronous output control register (SYSMD) selects the synchronous output pin of the port 7, in 
each bit. When the SYSMD is "1", it can be used for synchronous output, and when it is "0", it can be 
used for general port. The synchronous output event is selected by the pin control register 2 (FLOAT2). 
When the bp1, bp0 of the FLOAT2 are "00", the external interrupt 2 (IRQ2) is selected, and "01" for the 
timer 4 interrupt, and "10" for the timer 2 interrupt, and "11" for the timer 1 interrupt. For more detail, refer 
to 4-12 Synchronous output [p. IV-49]. 
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In processor mode or memory expansion mode, P70 to P77 are output pins to the expansion memory. 
But in memory expansion mode, the bp5 or bp6 of the address output control register (EXADV) set if they 
are used as address output pins or general I/O pins. 


Table 4-9-1 Expansion Pins (P70 to P77) 

















Pins In processor mode . 
In memory expansion mode 

P70 A8 (External memory address bp8) 
P71 AQ (External memory address bp9) 
P72 A10 (External memory address bp10) 
P73 A11 (External memory address bp11) 
P74 A12 (External memory address bp12) 
P75 A13 (External memory address bp13) 
P76 A14 (External memory address bp14) 
P77 A15 (External memory address bp15) 





* In memory expansion mode, the bp5, 6 of the EXADV register 
should be set to "1" for P70 to P77 output address. 
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4-9-2 Registers 























































































































































































































ri 6 5 4 3 2 1 0 
P7OUT _ |P70UT7/P70UT6|}P70UT5|P70UT4|P70UT3|P70UT2|P70UT1 |P70UT0| ( At reset:00000000) 
P7OUT Output data 
0 Low (Vss level) 
1 High (Vpp level) 
Port 7 output register (P7OUT : x'03F17', R/W) 
7 6 5 4 3 2 dl 0 
P7IN P7IN7 | P7IN6 | P7IN5 | P7IN4 | P7IN3 | P7IN2|P7IN1 |P7INo| (Atreset: XX XXXXXX) 
P7IN Input data 
0 Pin is Low (Vss level). 
{ Pin is High (VDD level). 
Port 7 input register (P7IN : x'03F27’, R) 
7 6 5 4 3 2 1 0 
P7DIR P7DIR7 | P7DIR6 | P7DIR5 | P7DIR4 |P7DIR3 |P7DIR2|P7DIR1 |P7DIRO| (Atreset:00000000) 

P7DIR I/O mode selection 

0 Input mode 

1 Output mode 

Port 7 direction control register (P7DIR : x'03F37', R/W) 
7 6 5 4 3 2 1 0 
P7PLUD _ |P7PLUD7|P7PLUD6/P7PLUD5/P7PLUD4/P7PLUD3|P7PLUD2|P7PLUD1 |P7PLUDO| ( At reset:00000000) 
Pull-up (or Pull-down) 
P7PLUD resistor selection 
0 No pull-up (or pull-down) resistor 
1 Pull-up (or Pull-down) resistor 











Port 7 pull-up / pull-down resistor control register (P7PLUD : x'03F47', R/W) 


Figure 4-9-1 Port 7 Registers (1/3) 
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7 6 5 4 3 2 1 0 
EXADV EXADV3 | EXADV2| EXADV1 - - 7 < 7 (At reset :0 00 ----- ) 
P73 - P70"A11 - A8" address output 
EXD during memory expansion mode. 
0 General port 
1 "A11 to A8" address output 
EXADV2 P77 - P74"A15 - At 2" address output 
during memory expansion mode. 
0 General port 
1 "A15 to A12" address output 
EXADV3 PS4, P53 "A17, 16" address output 
during memory expansion mode. 
0 General port 
1 "A17, 16" address output 














Expansion address output control register (EXADV: x'03FOE', R/W) 


Figure 4-9-2 Port 7 Registers (2/3) 
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7 6 5 4 3 2 1 0 


















































FLOAT1 P211M |PARDWN|P7RDWN (Atreset:- - - - - 000) 
p7RDwn _ | Port 7 pull-up / pull-down 
resistor selection 
0 Pull-up resistor 
1 Pull-down resistor 











PARDWN | Port A pull-up / pull-down 
resistor selection 



































0 Pull-up resistor 
1 Pull-down resistor 
P21IM P21 input mode selection 
0 Schmitt trigger input 
ACZ input 








Pin control register 1 (FLOAT1 : X'03F4B', R/W) 


7 6 5 4 3 2 1 0 








FLOAT2 P7SYEVS1 |P7SYEVSO] (Atreset:- - - - - - 0 0) 





























P7SYEVS1 P7SYEVSO Port 7 synchronous output 
event selection 








External interrupt 2 (IRQ2) 





Timer 4 interrupt 





Timer 2 interrupt 














alalolo 
alo}/alo 


Timer 1 interrupt 








Pin control register 2 (FLOAT2 : x'03F4C’', R/W) 


7 6 5 4 3 2 1 0 





SYSMD __|SYSMD7|SYSMD6|SYSMD5|SYSMD4 |SYSMD3/SYSMD2|SYSMD1 |SYSMD0| ( At reset:00000000) 



































SYSMD Synchronous output control selection 





0 Use as I/O pin 











1 Use as synchronous output pin 








Synchronous output control register (SYSMD : X'03F1F', R/W) 


Figure 4-9-3 Port 7 Registers (3/3) 
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4-9-3. Block Diagram 


Expansion control 






















































































































































































Address output 
Reset 
ae 
R | P7PLUDO-7 
Pull-up / Pull-down resistor control t D t a [ »—_ |»! 
Write —4CK \ FA Read 
Reset 
| 
R | FLOAT 1(bp0 
Pull-up / Pull-down resistor selection + DQ * ( P ) p> * 
Write {Ck \A- Read 
pee 
R_| P7DIRO-7 | 
V/O direction control * DQ + | oe ial 
S Write —7CK 
+31 }X] P70-P77 
i V 
Reset 4 | 
| Pan 
R | 
Port output data DQ 
Write {CK 7/7 
>e Ye < 
Reset 
| 
R_| SYSMDO-7 
Synchronous output control DQ + 
Write —lck \E Read v7 
Reset 
_P7INO-7 
Port input data 
a Read Synchronous output event 











FLOAT2 register 
P7SYEV2-1 flag 





* In processor mode, output mode is always selected. 
* In memory expansion mode, set the bp5, 6 of the EXADV register 
to be used as general I/O pin, or as address output pin. 


Figure 4-9-4 Block Diagram (P70 to P77) 
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4-10 Ports 


4-10-1 Description 


™General Port Setup 

Each bit of the port 8 control I/O direction register (P8DIR) can be set individually to set pins as input or 
output. The control flag of the port 8 direction control register (P8DIR) should be set to "1" for output 
mode, and "0" for input mode. 


To read input data of pin, set the control flag of the port 8 direction control register (P8DIR) to "0" and 
read the value of the port 8 input register (P8IN). 


To output data to pin, set the control flag of the port 8 direction control register (P8DIR) to "1" and write 
the value of the port 8 output register (P8OUT). 


Each pin can be set individually if pull-up resistor is added or not, by the port 8 pull-up resistor control 
register (P8PLU). Set the control flag of the port 8 pull-up resistor control register (P8PLU) to "1" to add 
pull-up resistor. 


At reset in single chip mode, the P80 to P87 input mode is selected and pull-up resistors are disabled 
(high impedance output). In processor mode, DO to D8 (data signal) high impedance output mode are 
selected. 


@ Special Function Pin Setup 
P80 to P87 are used as LED driving pins, as well. 


In processor mode or memory expansion mode, P80 to P87 are I/O pins to the expansion memory. In 
those mode, any register cannot control input or output. 


Table 4-10-1 Expansion Pins (P80 to P87) 

















Pins In processor mode 
In memory expansion mode 

P80 DO (External memory data bp0) 
P81 D1 (External memory data bp1) 
P82 D2 (External memory data bp2) 
P83 D3 (External memory data bp3) 
P84 D4 (External memory data bp4) 
P85 D5 (External memory data bp5) 
P86 D6 (External memory data bp6) 
P87 D7 (External memory data bp7) 
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4-10-2 Registers 
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7 6 5 4 3 2 1 0 
P8OUT | P80UT7 | P8OUT6 | P8OUTS | PSOUT4 | PSOUTS | PSOUT2 | PSOUT1 | P8OUTO | (At reset:00000000) 
P80UT Output data 
0 Low (VSss level) 
| High (VbD level) 
Port 8 output register (P8OUT : x'03F18', R/W) 
7 6 5 4 3 2 1 0 
P8IN P8IN7 | P8IN6 | P8IN5 | P8IN4 | P8IN3 | P8IN2 | P8IN1 | P8INo | (Atreset: XXX XXXXX) 
P8IN Input data 
0 Pin is Low (Vss level). 
1 Pin is High (VDD level). 
Port 8 input register (P8IN : x'03F28', R) 
7 6 5 4 3 2 1 0 
P8DIR P8DIR7 | P8DIR6|P8DIR5|P8DIR4 |P8DIR3 |P8DIR2|P8DIR1|P8DIRO| (Atreset:00000000) 
P8DIR I/O mode selection 
0 Input mode 
1 Output mode 
Port 8 direction control register (P8DIR : x'03F38', R/W) 
7 6 5 4 3 2 1 0 
P8PLU _ |P8PLU7|P8PLU6|/P8PLU5|P8PLU4/P8PLU3|P8PLU2|P8PLU1 |P8PLU0| (At reset:00000000) 
P8PLU Pull-up resistor selection 
0 No pull-up resistor 





1 








Pull-up resistor 





Port 8 pull-up resistor control register (P8PLU : x'03F48', R/W) 


Figure 4-10-1 Port 8 Registers 


Port 8 
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4-10-3 Block Diagram 


Pull-up resistor control 


1/O direction control 


Port output data 


Port input data 


Data input 


Data output 


Expansion control 


IV -44 Port 8 























































































































\O Rese 
: sig P8PLUO-7 se i= 
Write —jCK \F Read 
aie 
: oF P8DIRO-7 ; > x 
Write ck v- Read 
io) 
= pore 
co ny M ~<t- 
zZ i of] P8OUTO-7 0 : = 
Write —4CK Read 1 
x 7/7 
A 
__ P8INO-7 
rn 
Read 
Nd 








* In processor mode, memory expansion mode, 
/O control by register is disable. 


Figure 4-10-2 Block Diagram (P80 to P87) 
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4-11 Port A 


4-11-1 Description 


™General Port Setup 
Port A is input port. To read input data of pin, read the value of the port A input register (PAIN). 


Each pin can be set individually if pull-up / pull-down resistor is added or not, by the port A pull-up / pull- 
down resistor control register (PAPLUD). But pull-up / pull-down cannot be mixed. Set the control flag of 
the port A pull-up / pull-down resistor control register (PAPLUD) to "1" to add pull-up or pull-down resis- 
tor. The pin control register 1 (FLOAT1) select if pull-up resistor or pull-down resistor is added. The bp1 
of the FLOAT1 is set to "1" for pull-down resistor, and set to "0" for pull-up resistor. 


At reset, the PAO to PA7 input mode is selected and pull-up resistors are disabled. 


Special Function Pin Setup 

PAO to PA7 are used as input pins for analog. Each bit can be set individually as an input by the port A 
input mode register (PAIMD). When they are used as analog input pins, set the port A input mode 
register (PAIMD) to "1". Then, the value of the port A input register (PAIN) is "1". 





By setting the control flag of the PAIMD register to "1", the through current is not occurred 
7 when input voltage is at intermediate level. 
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4-11-2 Registers 


7 6 5 4 3 2 1 0 















































PAIN PAIN7 | PAING | PAINS | PAIN4 | PAINS | PAIN2 | PAIN1 | PAINO | (Atreset: X XX XXXXX ) 
| PAIN Input data 
0 Pin is Low (Vss level). 
Pin is High (VDD level). 














Port A input register (PAIN : x'03F2A', R) 


7 6 5 4 3 2 1 0 
PAIMD _ |PAIMD7|PAIMD6|PAIMD5|PAIMD4|PAIMD3|PAIMD2|PAIMD1|PAIMD0| (At reset:00000000) 





















































PAIMD I/O port, analog n input pin selection 
0 I/O port 
1 Analog n input pin 








Port A input control register (PAIMD : x'03F3A', R/W) 


7 6 5 4 3 2 1 0 


PAPLUD _ |PAPLUD7|PAPLUD6|PAPLUD5|PAPLUD4 pap uoaeuuoe PAPLUD1|PAPLUDO| (Atreset:00000000) 
























































| Pull-up (or Pull-down) 
PAPLUD resistor selection 
0 No pull-up (or pull-down) resistor 
1 Pull-up (or Pull-down) resistor 





Port A pull-up / pull-down resistor control register (PAPLUD : x'03F4A', R/W) 


Figure 4-11-1 Port A Registers (1/2) 
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ile 6 5 4 3 2 1 0 





FLOAT1 


























P21IM |PARDWN|P7RDWN| (Atreset:- - - - - 000) 

















p7RDwn | Port7 pull-up / pull-down 
resistor selection 


0 Pull-up resistor 
1 Pull-down resistor 




















PARDWN _ | Port A pull-up / pull-down 
resistor selection 
































0 Pull-up resistor 
1 Pull-down resistor 
P21|IM P21 input mode selection 
0 Schmitt trigger input 
1 ACZ input 








Pin control register 1 (FLOAT1 : X'03F4B', R/W) 


Figure 4-11-2 Port A Registers (2/2) 
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4-11-3. Block Diagram 


Pull-up / Pull-down resistor control 


Pull-up / Pull-down resistor selection 


Port input data 


Input mode control 


Analog input 


IV -48  PortA 





ihe Hes! S 
R_| PAPLUDO-7 
* DQ T —) | a 
Write —jCK Read 
Reset 
| > : I< 
=] FLOAT1(bp1) | >< 
9 . DQ . > 
z Write —\ck \A Read S 
7/7 
R24 BAINO-7 
Reset 
R_| PAIMDO-7 
DQ t 
Write —jCK Read 




























































































Figure 4-11-3 Block Diagram (PAO to PA7) 





PAO-PA7 
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4-12 Synchronous output (Port 7) 


Port 7 has the synchronous output function that outputs the any set data to pins, in synchronization with 
the generation of the specified event. Synchronous event is selected from the external interrupt 2 (P22/ 
IRQ2), timer 1 interrupt, timer 2 interrupt or timer 7 interrupt signal. 


4-12-1 Block Diagram 



































0 M 
P7OUTO0-7 
1 U Output data 
Port output data DQ ¢ DQ X 
Write CK \ / 7—ck 
Synchronous 





output value 
store register 
Timer 1 interrupt 


Timer 2 interrupt 





Timer 4 interrupt Synchronous output 























event 
External interrupt 2 
Pin control register 4 
FLOAT bp1,bp0 
Reset 
L SYSMDO-7 
Synchronous output control DQ ° 
Write —jCK 

Vesa 








Figure 4-12-1_ Synchronous Output Control Block Diagram 
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4-12-2 Registers 


Table 4-12-1 shows the synchronous output control registers of port 7. 


Table 4-12-1 Synchronous Output Control Registers 

















Register Address R/W Function Page 

FLOAT2 xX'03F4C' RW }Pin control register 2 IV - 40 

SYSMD xX'03F1F' RWW |Synchronous output control register IV - 40 

Port 7 P7DIR x'03F37' R/W |Port 7 direction control register iV - 38 
P7PLUD x'03F47' R/W |Port 7 Pull-up / Pull-down control register iV - 38 

P7OUT x'03F17' R/W |Port 7 output register iV - 38 
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4-12-3 Operation 


@Synchronous Output Setup 

The synchronous output control register (SYSMD) selects the synchronous output pin of the port 7, in 
each bit. 

The synchronous output event is selected by the pin control register 2 (FLOAT2). 


Table 4-12-2. Synchronous Output Event 

















Page 
Synchronous output Port 7 iV - 36 
port 
External interrupt 2 

(IRQ2) Ill- 19, 34 

Timer 1 V- 29 
Output event 

Timer 2 V- 29 

Timer 4 VI- 24 

















When the external interrupt 2 (IRQ2) is selected, the interrupt edge should be specified. The interrupt 
edge can be specified by the external interrupt 2 control register (IRQ2ICR). The synchronous output 
recognizes the generation of the specified edge as an event. 


mSynchronous Output Operation 
When the synchronous output control register (SYSMD) is set to disable the synchronous output (I/O 
port), the port 7 is functioned as a general port. (Figure 4-12-1. Block Diagram) 


After the output mode is selected by the port 7 direction control register (P7DIR), if the synchronous 
output is enabled by the synchronous output control register (SYSMD), the value of the synchronous 
output value stored register is output from pins. If the synchronous output event that is set by the pin 
control register 2 (FLOAT2) is never generated, the synchronous output value stored register holds the 
same value when the synchronous output event is enabled. 


Store the value that should be output from pin after the synchronous output event is generated, to the 
port 7 output register (P7OUT). Once the synchronous output event that is set by the pin control register 
2 (FLOAT2) is generated, the data of the synchronous output value stored register is switched to the 
data of the port 7 output register (P7OUT), and the output value from pin is changed. 


When the port 7 synchronous output is disabled, the value of the synchronous output value 
stored register is not always same to the value of the port 7 output register (P7OUT). 
Therefore, the pin output may be changed at switching from general output to synchronous 
output. 
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Port 7 Synchronous Output (External interrupt 2 IRQ2) 

The synchronous output timing when the synchronous output event is set at the falling edge of the 
external interrupt 2, is shown below. The latched data on port 7 is output in synchronization with the 
falling edge of the IRQ2. 


latched data 
External interrupt 
(IRQ2) 


Figure 4-12-2 Synchronous Output Timing by Event Generation (IRQ2) 


™Port 7 Synchronous Output (Timers 1, 2, and 4) 

The timer interrupt flag TMnIRQ is generated when binary counter and compare register are matched. 
The latched data on port 7 is output from the port 7 in synchronization with the rising edge of the 
TMnIRQ. About the setting of each timer operation, refer to chapter 5. 8-Bit timers and chapter 6. 16-Bit 


timers. 


Timer 
count clock ues fins ee 











Timer compare ; ; N ; : : : : : : 

register : : : : : : : : ; : : ; 

Binary counter ¥w.1 \ N ¥ 00 } 01 }---4.N-1\ N X00 } 01 }---4N-4\ NX 00} of }-=-4 NA 
Port 7 output xX Y Z xX Y 





latched data 


Interrupt request 
flag 


Port 7 output x Y 


Figure 4-12-3 Synchronous Output Timing by Event Generation (Timers 1, 2 and 4) 
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4-12-4 Setup Example 


A setup example of the port 7 synchronous output by the external interrupt 2 (IRQ2) is shown as follows. 
As it is operated, the initial output data of port 7 is "55", the synchronous output data is "AA", and the 


rising edge of the IRQ2 is selected at the synchronous event. 


An example setup procedure, with description of each step is shown below. 





Setup Procedure 


Description 








Select the synchronous output 
event. 
FLOAT2 (x'3F4C’') 
bp1-0 :?P7SYEVS1-0 = 00 


Specify the interrupt edge. 
IRQ2ICR(x'3FEB') 
bp5 : REDG2 = 1 


Set the initial output data. 


P7OUT(x'3F17’) 

bp7-0  : P7OUT7-0 = x'55' 
P7DIR(x'3F37’) 

bp7-0 : P7DIR7-0 = x'FF' 


Set the synchronous output pin. 
SYSMD(x'3F1F') 
bp7-0  : SYSMD7-0 = x'FF' 


Set the synchronous output data. 
P7OUT(x'3F17') 
bp7-0 : PDOUT7-0 = x'AA' 


Event is generated. 


Rising edge is generated at P22. 





Set the P7SYEVS1-0 flag of the FLOAT2 
register to "00" to set the synchronous output 
event to the IRQ2. 


Set the REDG2 flag of the IRQ2ICR register to 
"1" to set the active edge of the IRQ2 at the 
rising edge. 


Set the initial output data "55" to the P7OUT 
register. Select output mode after the 
P7DIR7-0 flag of the P7DIR register is set to 
"FF". Port 7 outputs "55". 


Port 7 is set to synchronous output pin by 
setting the SYSMD7-0 flag of the SYSMD 
register to "FF". 


Set the synchronous output data "AA" to the 


P7OUT register. 


Port 7 outputs "AA" at the rising edge of 
IRQ2. 
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Chapter 5 8-Bit Timers 


5-1 Overview 


This LSI contains three general purpose 8-bit timers (Timers 0, 1 and 2) and one 8-bit timer (Timers 3) 
that can be also used as baud rate timer. Timers 0,1 and timers 2, 3 can be used as 16-bit timers with 
cascade connection. 


5-1-1 Functions 


Table 5-1-1 shows functions of each timer. 





















































Table 5-1-1 Timer Functions 
Timer 0 Timer 1 Timer 2 Timer 3 Timer 5 * 
(8 bit) (8 bit) (8 bit) (8 bit) (8 bit) 
Interrupt source TMOIRQ TM1IRQ TM2IRQ TM3IRQ TM5IRQ 
Timer operation V V \ J 4 
Event count V V V V - 
Timer pulse output V V V V 7 
PWM output V - V - = 
Synchronous output - V V - 7 
Serial transfer clock output V - - V - 
(SIF2) (SIFO,1) 
Cascade connection - 
Remote control carrier 4 : - al - 
output 
fosc fs/16 fs fosc 
nee fs fs/64 fs/4 fs/4 : 
eee fs/4 fx fx s/16 eae 
TMOIO input | TM1IO input | TM2I0 input | TM3IO input fx/218 
fosc : Machine clock (High speed oscillation ) 
fx : Machine clock (Low speed oscillation ) 
fs : System clock (at NORMAL mode : fs=fosc/2, at SLOW mode : fs=fx/4) 
- When timer 3 is used as a baud rate timer for serial interface function, it is not used as a 
general timer. 





V-2 


Overview 


* Description of timer 5 is shown in Chapter 7. 
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Block Diagram 


5-1-2 
















































































































































































































































































































































































Z 
N3OWL 
WMdOWL 
—_eXxO0WL 
|g —| uotjezuoiyouts du O|LIN.L i TOON | 
y OMOOWL 
XNW | XnNW CWOWL 
indu! isu | «py 
' f 
yNdyno yoo}o JaysueI} [eas S\< Xn 
/ {NdyNo Ja1Ued jo.JUOD B}OWSY 
/0WMd / O1ONL ~— XN |* + dle - ei + vost 
XN 
~« e/t |= ° 
y +— 91/S} 
hee 2 4 
t ‘< | WO eZIUOLYOUKS 
OYIONL «+ ? + o>) XN 
* peoy peoy t XNW 
A 
OWMd <! 4 i I< < du! O|OWL 
<= XN |< 2/1 > : 
/andyno OILWL 4 OLIN "ain AO AI ¥ OgOWL KC | xnw I vis} 
<C | J9]UNOD 11G-g + J9]UNOd 119-8 < sh 
<+—§ + yn } <. SO} 
quane jndjno —+_ I Ay 
snouoiyouss yore |__| 4ore 4 
OUI OOLWL - SOOWL 
Jajsi6ai aredwiog NLA Jasiba1 aredwog 
Tt WMd HL 
ZMOHNL YE 
{ IMOHAL YU f~ 
eWM/peey oLOWOHWL SIWM/PeaYd 














OW ILWL 





Timers 0 and 1 Block Diagram 


V-3 


Overview 


Timers 0 and 1 Block Diagram 


Figure 5-1-1 


Timers 2 and 3 Block Diagram 
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Figure 5-1-2 Timers 2 and 3 Block Diagram 
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mRemote Control Carrier Output Block Diagram 
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Figure 5-1-3 Remote Conirol Carrier Output Block Diagram 
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5-2 Control Registers 


Timers 0 to 3 consist of the binary counter (TMnBC) and the compare register (TMnOC). And they are 
controlled by the mode register (TMnMD). Remote control carrier output is controlled by the remote 
control carrier output control register (RMCTR). 


5-2-1 Registers 


Table 5-2-1 shows registers that control timers 0 to 3 and remote control carrier output. 


Table 5-2-1 8-bit Timer Control Registers 











Register Address R/W Function Page 

TMOBC x'03F60' | R | Timer 0 binary counter V-8 

TMOOC x'03F70' Timer 0 compare register V-7 

7; P TMOMD x'03F80' Timer 0 mode register V-9 
imer 

TMOICR X'03FE4' Timer 0 interrupt control register Ill - 22 

P10MD xX'03F39' Port 1 output mode register NV - 14 

P1DIR X'03F31' Port 1 direction control register NV -13 

TM1BC x03F61' | R_ [Timer 1 binary counter V-8 

TM10C X'03F71' Timer 1 compare register V-7 

5 ; TM1MD X'03F81' Timer 1 mode register V-10 
imer 

TM1ICR X0O3FE5' Timer 1 interrupt control register Ill - 23 

P10MD x'03F39' Port 1 output mode register IV - 14 

P1DIR X'03F31' Port 1 direction control register NV -13 

TM2BC x03F62, | _R_ | Timer 2 binary counter V-8 

TM20C X'03F72' Timer 2 compare register V-7 

7 5 TM2MD X'03F82' Timer 2 mode register V-11 
imer 

TM2ICR xX'03FE6' Timer 2 interrupt control register Ill - 24 

P10MD x'03F39' Port 1 output mode register IV - 14 

P1DIR X'03F31' Port 1 direction control register NV - 13 

TM3BC x'03F63' LR | Timer 3 binary counter V-8 

TM30C X'03F73' Timer 3 compare register V-7 

7 : TM3MD x'03F83' Timer 3 mode register V-12 
imer 

TM3ICR X'O3FEE' Timer 3 interrupt control register Ill - 25 

P10MD xX'03F39' Port 1 output mode register NV - 14 

P1DIR x'03F31' R/W |Port 1 direction control register NV -13 

ee control RMCTR x'03F89' R/W |Remote control carrier output control register V-13 

carrier output 





R/W : Readable / Writable 
R : Readable only 
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5-2-2 Programmable Timer Registers 


Each of timers 0 to 3 has 8-bit programmable timer registers. Programmable timer register consists of 
compare register and binary counter. 


Compare register is 8-bit register which stores the value to be compared to binary counter. 


mTimer 0 Compare Register (TMOOC) 
7 6 5 4 3 2 1 0 


TMOOC TM0OC7 | TMOOC6 | TMOOCS | TM0OC4 | TMOOC3)TM0OC2)TMOOC1|TMOOCO|} + ( Atreset: XXX XXXXX) 
































Figure 5-2-1 Timer 0 Compare Register (TMOOC : x'03F70', R/W) 


mTimer 1 Compare Register (TM10C) 
7 6 5 4 3 2 1 0 


TM10C TM10C7| TM10C6| TM10C5 | TM10C4|TM10C3 |TM1002|TM10C1|TM10CO| ( Atreset: XXX XXXXX) 
































Figure 5-2-2. Timer 1 Compare Register (TM10C : x'03F71', R/W) 


Timer 2 Compare Register (TM2O0C) 
7 6 5 4 3 2 1 0 


TM20C TM20C7 | TM20C6 | TM20C5 | TM20C4 | TM20C3}TM20C2}TM20C1|TM20C0) (Atreset:XXXXXXXX) 
































Figure 5-2-3 Timer 2 Compare Register (TM2OC : x'03F72', R/W) 


HTimer 3 Compare Register (TM30C) 
7 6 5 4 3 2 1 0 


TM30C TM30C7 | TM30C6 | TM30C5 | TM30C4 | TM30C3 | TM30C2|TM30C1)TM30C0| (At reset: XX XXXXXX) 
































Figure 5-2-4 Timer 3 Compare Register (TM30C : x'03F73', R/W) 
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Binary counter is 8-bit up counter. If any data is written to compare register during counting is stopped, 
binary counter is cleared to x'00". 


Timer 0 Binary Counter (TMOBC) 
7 6 5 4 3 2 1 0 


TMOBC TMOBC7|TMOBC6)TMOBC5)TMOBC4/TMOBC3|/TMOBC2|TMOBC1/TMOBCO) + (Atreset:00000000) 



































Figure 5-2-5 Timer 0 Binary Counter (TMOBC : x'03F60', R) 


Timer 1 Binary Counter (TM1BC) 
7 6 5 4 3 2 1 0 


TM1BC TM1BC7/TM1BC6/TM1BC5/TM1BC4)TM1BC3)TM1BC2|TM1BC1|TM1BC0 (At reset:00000000) 
































Figure 5-2-6 Timer 1 Binary Counter (TM1BC : x'03F61', R) 


Timer 2 Binary Counter (TM2BC) 
7 6 5 4 3 2 1 0 


TM2BC TM2BC7|TM2BC6]TM2BC5| TM2BC4|TM2BC3|TM2BC2/TM2BC1|TM2BC0) (Atreset:00000000) 



































Figure 5-2-7 Timer 2 Binary Counter (TM2BC : x'03F62', R) 


Timer 3 Binary Counter (TM3BC) 
7 6 5 4 3 2 1 0 


TM3BC TM3BC7|TM3BC6/TM3BC5/TM3BC4/TM3BC3)TM3BC2)TM3BC1/TM3BC0) (Atreset:00000000) 



































Figure 5-2-8 Timer 3 Binary Counter (TM3BC : x'03F63’', R) 
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5-2-3. Timer Mode Registers 


Timer mode register is readable/writable register that controls timers 0 to 3. 


Timer 0 Mode Register (TMOMD) 


7 6 5 4 3 2 1 0 
TMOMD 7 : 





























- | TMOEN|TMOPWM] TMOCK2| TMOCK1)TMOCKO (At reset: ---O00XXX) 
































TMOCK2|TMOCK1/TMOCKO| Clock source 
0 fosc 
- 1 fs 
0 fs/4 
0 1 , TMOIO input 
1 Synchronous TMOIO input 





























TMOPWM Timer 0 operation mode 









































0 Normal timer operation 

1 PWM operation 
TMOEN Timer 0 count control 

0 Disable the count 

1 Enable the count 








Figure 5-2-9 Timer 0 Mode Register (TMOMD : x'03F80', R/W) 
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Timer 1 Mode Register (TM1MD) 


7 6 5 4 3 2 1 0 





TM1MD - - - | TM1EN |TM1PWM]TM1CK2 |TM1CK1/TM1CKO (At reset: ---00XXX) 






































TM1CK2|TM1CK1|TM1CKO|Clock source 





fs/16 
fs/64 
fx 











Oo 
-)O;-+/|oO 


TM1IO input 


Timer 0 and Timer 1 
cascade connection 








1 0 Synchronous fx 





1 Synchronous 
TM1IO input 














P11 output selection 
at TMOPWM operation 





TM1PWM 








0 Timer 1 output 








1 Timer 0 PWM output 














TM1EN Timer 1 count control 








0 Disable the count 











1 Enable the count 








Figure 5-2-10 Timer 1 Mode Register (TM1MD : x'03F81', R/W) 
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Timer 2 Mode Register (TM2MD) 








































































































7 6 5 4 3 2 1 0 
TM2MD - - - [rae |rneron TM2CK2 |TM2CK1 |TM2CKO (Atreset: ---00XXX) 
TM2CK2|TM2CK1|TM2CKO|Clock source 
0 0 fs 
1 fs/4 
0 fx 
0 ; 
1 1 TM2lO input 
4 0 Synchronous fx 
1 Synchronous TM2I0 input 
TM2PWM Timer 2 operation mode 
selection 
0 Normal timer operation 
1 PWM operation 
TM2EN Timer 2 count control 











0 Disable the count 
1 Enable the count 

















Figure 5-2-11 Timer 2 Mode Register (TM2MD : x'03F82', R/W) 
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Timer 3 Mode Register (TM3MD) 


TM3MD 


V-12 


4 3 


2 


1 


0 

















TM3EN |TM3PWM 





TM3CK2 





TM3CK1|TM3CKO 

















(At reset: ---O0O0XXX) 





TM3CK2|TM3CK1 


TM3CKO] Clock source 





fosc 





fs/4 





fs/16 





alll fe eel 


TMS3IO input 





Timer 2 and Timer 3 
cascade connection 








Synchronous 
TMSIO input 

















TM3PWM 


P13 output selection 
at TM2PWM operation 





Timer 3 output 





Timer 2 PWM output 











TM3EN 


Timer 3 count control 





Disable the count 














Enable the count 





Figure 5-2-12 Timer 3 Mode Register (TM3MD : x'03F83', R/W) 
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mRemote Control Carrier Output Control Register (RMCTR) 






























































7 6 5 4 3 2 1 0 
RMCTR : 5 - | TMORM | RMOEN |Reserved]RMDTY0/RMBTMS (At reset : ---00XX0) 
Remote control carrier base 
RMBTMS timer selection 
0 Timer 3 output selection 
1 Timer 0 output selection 
RMDTYO Remote control carrier output duty 
0 1/2 duty 
1 1/3 duty 














Reserved Set always "0". 











RMOEN Enable remote control carrier output 
































0 Output low level 

1 Output remote control carrier 
TMORM P10 special function output 

0 RMOUT 

1 TMOIO 











Figure 5-2-13 Remote Control Carrier Output Control Register (RMCTR : x'03F89', R/W) 
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5-3 8-Bit Timer Count 


5-3-1 Operation 


The timer operation can constantly generate interrupts. 


™8-Bit Timer Operation (Timers 0, 1, 2 and 3) 

The generation cycle of timer interrupts is set by the clock source selection and the setting value of the 
compare register (TMnOC), in advance. If the binary counter (TMnBC) reaches the setting value of the 
compare register, an interrupt is generated at the next count clock, then binary counter is cleared and 
counting is restarted from x'00'. 


Table 5-3-1 shows clock source that can be selected. 






































Table 5-3-1 Clock Source (Timers 0, 1, 2 and 3) at Timer Operation 
Clock source 1 count time Tuner is nner ! nner 2 amgr = 
(8 Bit) (8 Bit) (8 Bit) (8 Bit) 

fosc 50 ns V 2 V 

fs 100 ns V : V : 

fs/4 400 ns | V V 

fs/16 1.6 us V : V 

fs/64 6.4 us . V - : 

fx 30.5 us - V V - 

Notes : as fosc = 20 MHz fx = 32.768 kHz fs = fosc/2 = 10 MHz 
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™Count Timing of Timer Operation (Timers 0, 1, 2 and 3) 
Binary counter counts up with selected clock source as a count clock. 
The basic operation of the whole function of 8-bit timer is as follows ; 


Count 
clock obi 
TMnEN a ef ok 4 
flag = oo eee ae 
Compare yy \ i oN H : : \ ; M 
register : : : ' : 
‘ H Hy ) : : 
02 } 03 f{ 04 operation stop 
(E) 
































— © 
Binary Y 00 01 }--{nal N \ wo | ot 
counter 
(A) (B) (C) 
Compare 
match signal 


Interrupt 
request flag 
Figure 5-3-1 Count Timing of Timer Operation (Timers 0, 1, 2 and 3) 


(A) If the value is written to the compare register during the TMnEN flag is "0", the binary counter 
is cleared to x'00'", at the writing cycle. 

(B) If the TMnEN flag is "1", the binary counter is started to count. 

The counter starts to count up at the falling edge of the count clock. 
But the binary counter doesn't count up at the first falling of the count edge. 

(C) If the binary counter reaches the value of the compare register, the interrupt request flag is 
set at the next count clock, then the binary counter is cleared to x'00' and the counting is 
restarted. 

(D) Even if the compare register is rewritten during the TMnEN flag is "1", the binary counter is 
not changed. 

(E) If the TMnEN flag is "0", the binary counter is stopped after 1 count up. 





When the binary counter reaches the value in the compare register, the interrupt request flag 
is set and the binary counter is cleared, at the next count clock. So, set the compare register 
as: Compare register setting = (count till the interrupt request - 1) 








If the compare register is set the smaller than the binary counter during the count operation, 
the binary counter counts up to the overflow, at first. 








If the interrupt is enabled, the timer interrupt request flag should be cleared before timer 
operation is started. 








Even if the TMnEN flag of the timer is cleared during operation, it does not stop until the next 
count clock. Therefore, during max. 1 count clock after the TMnEM is cleared, the binary 
counter cannot be initialized. 
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5-3-2 Setup Example 


Timer Operation Setup Example (Timers 0, 1, 2 and 3) 
Timer function can be set by using timer 0 that generates the constant interrupt. By selecting fs/4 (at fosc 
= 20 MHz) as aclock source, interrupt is generated every 250 clock cycles (100 us) . 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter. 
TMOMD (x'3F80') 
bp4 :TMOEN =0 


TMOMD (x'3F80') 
bp3 ‘TMOPWM =0 


(3) Select the count clock source. 
TMOMD (x'3F80') 
bp2-0 :TMOCK2-0 = 010 


(4) Set the cycle of the interrupt 
generation. 


TMOOC (x'3F70') = xX'FQ' 


(5) Set the interrupt level. 
TMOICR (x'3FE4') 
bp7-6 ‘TMOLV1-0 = 10 


(6) Enable the interrupt. 
TMOICR (x'3FE4') 
bp1 >TMOIE =1 





(2) Select the normal timer operation. 





Set the TMOEN flag of the timer 0 mode 
register (TMOMD) to "0" to stop the counting of 
timer 0. 


Set the TMOPWM flag of the TMOMD register 
to "0" to select the normal timer operation. 


Select fs/4 to the clock source by the 
TMOCK2-0 flag of the TMOMD register. 


Set the value of the interrupt generation cycle 
to the timer 0 compare register (TMOOC). The 
cycle is 250, so that the setting value is set to 
249 (x'F9'). 

At that time, the timer 0 binary counter 
(TMOBC) is initialized to x'00". 


Set the interrupt level by the TMOLV1-0 flag of 
the timer 0 interrupt control register (TMOICR). 
If any interrupt request flag had already been 
set, clear it. 

[«@ Chapter 3 3-1-4. Interrupt flag setting ] 


Set the TMOIE flag of the TMOICR register to 
"1" to enable the interrupt. 
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Setup Procedure Description 
(7) Start the timer operation. (7) Set the TMOEN flag of the TMOMD register to 
TMOMD (x'3F80') "1" to start the timer 0. 
bp4 ‘TMOEN =1 











The TMOBC starts to count up from 'x00'. When the TMOBC reaches the setting value of the TM0OC 
register, the timer 0 interrupt request flag is set at the next count clock, then the value of the TMOBC 
becomes x'00' and restart to count up. 


When the TMnEN flag of the TMnMD register is changed at the same time to other bit, binary 
counter may count up by the switching operation. 














© The initial value of the TM1CK2-0 in the TM1MD register is indefinite. 
When timer 0/ timer 1 is used independently, set any mode except cascade connection. 

















© The initial value of the TM3CK2-0 in the TM3MD register is indefinite. 
When timer 2 / timer 3 is used independently, set any mode except cascade connection. 














© If fx is selected as the count clock source in timer 1, timer 2, when the binary counter is read 

Gd at operation, uncertain value on counting up may be read. To prevent this, select the syn- 

chronous fx as the count clock source. In this case, the timer 1, 2 counter counts up in 
synchronization with system clock, therefore the correct value is always read. 


But, if the synchronous fx is selected as the count clock source, CPU mode cannot return 
from STOP/HALT mode. 
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5-4 8-Bit Event Count 


5-4-1 Operation 


Event count operation has 2 types ; TMnIO input and synchronous TMnlO input can be selected as the 
count clock. 


™8-Bit Event Count Operation 

Event count means that the binary counter (TMnBC) counts the input signal from external to the TMnlO 
pin. lf the value of the binary counter reaches the setting value of the compare register (TMnOC), inter- 
rupts can be generated at the next count clock. 


Table 5-4-1 Event Count Input Clock 











Timer 0 Timer 1 Timer 2 Timer 3 
TMOIO input TM110 input TM2I0 input TMSIO input 
(P10) (P11 ) (P12 ) (P13 ) 
Synchronous Synchronous Synchronous Synchronous 
TMOIO input TM110 input TM2l0 input TMSIO input 




















™Count Timing of TMnlO Input (Timers 0, 1, 2 and 3) 
When TMnlO input is selected, TMnIO input signal is directly input to the count clock of the timer n. The 
binary counter counts up at the falling edge of the TMnIO input signal. 








Compare M 
register 


i ON a 
counter 
Compare 
match signal 
Interrupt 
request flag 


Figure 5-4-1 Count Timing of TMnIO Input (Timers 0 to 3) 


When the TMnlO input is selected for count clock source and the value of the timer n binary 
counter is read during operation, incorrect value at count up may be read. To prevent this, 


use the event count by synchronous TMnlO input, as the following page. 
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mCount Timing of Synchronous TMnlO Input (Timers 0, 1, 2 and 3) 

If the synchronous TMnlO input is selected, the synchronizing circuit output signal is input to the timer n 
count clock. The synchronizing circuit output signal is changed at the falling edge of the system clock 
after the TMnlO input signal is changed. 





TMnlO 
input 


System 
clock (fs) 





Synchronizing 
circuit output 
(Count clock) 








TMnEN 
flag 


Compare 
register 





Binary 
counter 


Compare 
match signal 


Interrupt 
request flag 





Figure 5-4-2. Count Timing of Synchronous TMnlO Input (Timers 0 to 3) 





When the synchronous TMnlO input is selected as the count clock source, the timer n 
counter counts up in synchronization with system clock, therefore the correct value is always 
read. 


But, if the synchronous TMnlO is selected as the count clock source, CPU mode cannot 
return from STOP/HALT mode. 
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5-4-2 


mEvent Count Setup Example (Timers 0, 1, 2 and 3) 


Setup Example 


If the falling edge of the TMOIO input pin signal is detected 5 times with using timer 0, an interrupt is 
generated. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Stop the counter. 
TMOMD (x'3F80') 
bp4 ‘TMOEN =0 


Set the special function pin to input. 


P1DIR (x'3F31') 
bpd :P1DIRO =0 


Select the normal timer operation. 


TMOMD (x'3F80") 
bp3 ‘TMOPWM =0 


Select the count clock source. 
TMOMD (x'3F80') 
bp2-0 :TMOCK2-0 = 011 


Set the interrupt generation cycle. 


TMOOC (x'3F70') = x'04' 
Set the interrupt level. 
TMOICR (x'3FE4') 
bp7-6 ‘TMOLV1-0 = 10 





(1) 


Set the TMOEN flag of the timer 0 mode 
register (TMOMD) to "0" to stop timer 0 
counting. 


Set the P1DIRO flag of the port 1 direction 
control register (P1DIR) to "0" to set P10 pin to 
input mode. 


If it needs, pull up resistor should be added. 
[@ Chapter 4. I/O Port Function ] 


Set the TMOPWM flag of the TMOMD register 
to "0" to select the normal timer operation. 


Select the clock source to TMOIO input by the 
TMOCK2-0 flag of the TMOMD register. 


Set the timer 0 compare register (TMOOC) the 
interrupt generation cycle. Counting is 5, so 
the setting value should be 4. 

At that time, the timer 0 binary counter 
(TMOBC) is initialized to x'00'. 


Set the interrupt level by the TMOLV1-0 flag 
of the timer 0 interrupt control register 
(TMOICR). 

If any interrupt request flag had already been 
set, clear it. 

[€ Chapter 3 3-1-4. Interrupt Flag Setup ] 
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Setup Procedure Description 
(7) Enable the interrupt. (7) Setthe TMOIE flag of the TMOICR register to 
TMOICR (x'3FE4') "1" to enable the interrupt. 
bp1 ‘TMOIE =1 
(8) Start the event counting. (8) Set the TMOEN flag of the TMOMD register to 
TMOMD (x'3F80') start timer 0. 
bp4 ?TMOEN =1 











Every time TMOBC detects the falling edge of TMOIO input, TMOBC counts up from 'x00'. When 
TMOBC reaches the setting value of the TMOOC register, the timer 0 interrupt request flag is set at 
the next count clock, then the value of TMOBC becomes x'00' and counting up is restarted. 
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5-5 8-Bit Timer Pulse Output 


5-5-1 Operation 


The TMnIO pin can output a pulse signal with any cycle. 


#Operation of Timer Pulse Output (Timers 0, 1, 2 and 3) 


The timers can output 2 x cycle signal, compared to the setting value in the compare register (TMnOC). 


Output pins are as follows ; 

















Table 5-5-1 Timer Pulse Output Pins 
Timer 0 Timer 1 Timer 2 Timer 3 
Bikse-onutioin TMOIO output | TM1IO output | TM2IO output | TM3IO output 
aoe (P10) (P11) (P12) (P13) 











™Count Timing of Timer Pulse Output (Timers 0, 1, 2 and 3) 


TMnEN 
flag 


Compare | ae a ae 2 as -_ 
register : : : ! q i i 1 : : : i 
Binary oo X ot }---4N-1} N X 00 \ ot }---4N-1} N YX 00} of }---{N-4X N } 00 
counter 
Interrupt 
request flag 

TMnlO 

output 


Count Timing of Timer Pulse Output (Timers 0 to 3) 





Compare 
Match signal 


Figure 5-5-1 


The TMnlO pin outputs 2 x cycle, compared to the value in the compare register. If the binary 
counter reaches the compare register, and the binary counter is cleared to x'00', TMnIO output is 


inverted. 


V-22 — 8-Bit Timer Pulse Output 


Chapter 5 8-Bit Timers 


5-5-2 Setup Example 


HTimer Pulse Output Setup Example (Timers 0, 1, 2 and 3) 

TMOIO pin outputs 50 kHz pulse by using timer 0. For this, select fosc as clock source, and set a 1/2 
cycle (100 kHz) for the timer 0 compare register (at fosc=20 MHz). 

An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








(1) Stop the counter. 
TMOMD (x'3F80') 
bp4 7TMOEN =0 


(2) Set the special function pin to the 
output mode. 
P1OMD (x'3F39') 


bpd :P1OTCO = =1 
P1DIR (x'3F31') 
bpd :P1DIRO =A 


(3) Select the normal timer operation. 
TMOMD (x'3F80') 
bp3 ‘TMOPWM =0 


(4) Select the count clock source. 
TMOMD (x'3F80") 
bp2-0 :TMOCK2-0 = 000 


(5) Set the timer pulse output cycle. 


TMOOC (x'3F70') = x'C7' 
(6) Start the timer operation. 
TMOMD (x'3F80') 
bp4 ‘TMOEN =1 





(1) 


Set the TMOEN flag of the timer 0 mode 
register (TMOMD) to "0" to stop timer 0 
counting. 


Set the P1OTCO flag of the port 1 output mode 
register (P1OMD) to "1" to set P10 the special 
function pin. 

Set the P1DIRO flag of the port 1 direction 
control register (P1DIR) to "1" to set output 
mode. 

If it needs, pull-up resister should be added. 
[@ Chapter 4. I/O Ports ] 


Set the TMOPWM flag of the TMOMD register 
to "0" to select the normal timer operation. 


Select fosc for the clock source by the 
TMOCK2-0 flag of the TMOMD register. 


Set the timer 0 compare register (TMOOC) to 
the 1/2 of the timer pulse output cycle. 

The setting value should be 200-1=199(x'C7’), 
because 100 kHz is divided by 20 MHz. 

At that time, the timer 0 binary counter 
(TMOBC) is initialized to x'00". 


Set the TMOEN flag of the TMOMD register to 
"1" to start timer 0. 
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TMOBC counts up from x'00'. If TMOBC reaches the setting value of the TMOOC register, then 
TMOBC is cleared to x'00', TMOIO output signal is inverted and TMOBC restarts to count up from 


x'00'. 








= 


When port 1 is used as pulse output pin, the settings of the port 1 direction control register 
(P1DIR) and the port 1 pull-up register (P1PLU) are need to set to "1". 




















The compare register value = 


Gd Set the compare register value as follows, 


The timer pulse output cycle 
The count clock cycle X 2 











The initial value of timer output and the initialization (low level) 





Initial value 
(after reset release) 


To initialize 
(Set to low level) 


Program example 





Timer 0 


Timer 1 


Low level 


indefinite 


After timers 0 and 1 are set to 
cascade connection, the setting 
should be the original. 


After P11 output selection is set to 
the timer 0 PWM output (TM1PWM 
flag = 1), the setting should be back 
to the timer 1 output. 


mov x‘04', (TM1MD) 
belr (TM1MD), 2 


mov x'08', (TM1MD) 
belr (TM1MD), 3 





Timer 2 


Low level 


After timers 2 and 3 are set to 
cascade connection, the setting 
should be the original. 


mov x'04', (TM3MD) 
belr (TM3MD), 2 





Timer 3 








indefinite 





After P13 output selection is set to 
the timer 2 PWM output (TM2PWM 
flag = 1), the setting should be back 
to the timer 3 output. 





mov x'08', (TM3MD) 
bclr (TM3MD), 3 
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5-6  8-Bit PWM Output 


The TMnlO pin outputs the PWM waveform, which is determined by the match timing for the compare 
register and the overflow timing of the binary counter. 


5-6-1 Operation 


Operation of 8-Bit PWM Output (Timers 0 and 2) 

The PWM waveform with any duty cycle is generated by setting the duty cycle of PWM "H" period to the 
compare register (TMnOC). The cycle is the period from the full count to the overflow of the 8-bit timer. 
Table 5-6-1 shows PWM output pins ; 


Table 5-6-1 Output Pins of PWM Output 




















Timer 0 Timer 2 
TMOIO output pin TM2I0 output pin 
(P10) (P12) 
PWM output pin 
TM110 output pin TMS3IO output pin 
(P11) (P13) 





@Count Timing of PWM Output (at normal) (Timers 0 and 2) 


TMnEN 
flag 





Compare = a N 
register : ' : : : 


Binary \ \ cet ; \ \ \ _ \ \ X fe : 
counter 00 01 N-1 N JX N+1} N+2 FE } FF 00 01 + N-1 \ N \ N+ 
Compare ee a 008 
match signal 
TMnlO output | 
(PWM output) 
(A) 


(B) (C) 











Set time in the compare register 
< 





PWM basic components ( overflow time of binary counter)” 
Figure 5-6-1 Count Timing of PWM Output (at Normal) 


PWM source waveform, 
(A) — is "H" while counting up from x'00' to the value stored in the compare register. 
(B) is "L" after the match to the value in the compare register, then the binary counter 
continues counting up till the overflow. 
(C) is "H" again, if the binary counter overflows. 
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@Count Timing of PWM Output (when the compare register is x'00') (Timers 0 and 2) 
Here is the count timing when the compare register is set to x'00' ; 


TMnEN 
flag 


Compare : : : : : : 
register : : i i : 00 : 


muro OO AO pronqa N Are nahan Fe FF Yom fo patna fn 
counter 


TMnlO output (always "L") 
(PWM output) : 


Figure 5-6-2 Count Timing of PWM Output (when compare register is x'00') 


™Count Timing of PWM Output (when the compare register is x'FF') (Timers 0, 2) 
Here is the count timing when the compare register is set to x'FF' ; 


TMnEN 
flag 


Compare 
register 


Binary 
co (CS) Ge as Gas 
TMnlO output 
(PWM output) 


Figure 5-6-3 Count Timing of PWM Output (when compare register is x'FF') 


: FF 
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5-6-2. Setup Example 


PWM Output Setup Example (Timers 0 and 2) 

The 1/4 duty cycle PWM output waveform is output from the TMOIO output pin at 2 kHz by using timer 0 
(at fosc=4.19 MHz). Cycle period of PWM output waveform is decided by the overflow of the binary 
counter. "H" period of the PWM output waveform is decided by the setting value of the compare register. 
An example setup procedure, with a description of each step is shown below. 


TMOIO output | 


2 kHz 


Figure 5-6-4 Output Waveform of TMOIO Output Pin 





Setup Procedure 


Description 








(1) Stop the counter. 
TMOMD (x'3F80') 
bp4 7TMOEN =0 


(2) Set the special function pin to 
the output mode. 
P1OMD (x'3F39') 


bpd :7P1OTCO 8 =1 
P1DIR (x'3F31') 
bpd :P1DIRO = 1 


(3) Select the PWM operation. 
TMOMD (x'3F80') 
bp3 ‘TMOPWM =1 


(4) Select the count clock source. 
TMOMD (x'3F80') 
bp2-0 :TMOCK2-0 = 010 





Set the TMOEN flag of the timer 0 mode 
register (TMOMD) to "0" to stop the timer 0 
counting. 


Set the P1OTCO flag of the port 1 output mode 
register (P1OMD) to "1" to set P10 pin to the 
special function pin. 

Set the P1DIRO flag of the port 1 direction 
control register (P1DIR) to "1" for the output 
mode. 


If it needs, pull up resistor should be added. 
[€ Chapter 4. I/O Ports ] 


Set the TMOPWM flag of the TMOMD register 
to "1" to select the PWM operation. 


Select "fs/4" for the clock source by the 
TMOCK2-0 flag of the TMOMD register. 
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Setup Procedure 


Description 





(5) 


(6) 





Set the period of PWM “H" output. 


TMOOC (x'3F70') = x'40' 


Start the timer operation. 
TMOMD (x'3F80') 
bp4 >TMOEN =1 





(5) 


Set the "H" period of PWM output to the timer 
0 compare register (TMOOC). 

The setting value is set to 256 / 4 = 64 (x'40'), 
because it should be the 1/4 duty of the full 
count (256). 

At that time, the timer 0 binary counter 
(TMOBC) is initialized to x'00". 


Set the TMOEN flag of the TMOMD register to 
"1" to operate timer 0. 





TMOBC counts up from x'00'. PWM source waveform outputs "H" till TMOBC reaches the setting 
value of the TMOOC register, and outputs "L" after that. Then, TMOBC continues counting up, and 
PWM source waveform outputs "H" again, once overflow happens, and TMOBC restarts counting up 


from x'00'. 





If the timer 0 PWM output is selected by setting the TM1PWM flag of the TM1MD register to 
"{", the TM1IO pin outputs the timer 0 PWM output, too. 











If the timer 2 PWM output is selected by setting the TM3PWM flag of the TM3MD register to 
"{", the TM3IO pin outputs the timer 2 PWM output, too. 














= = 


register are need to set to "1". 





When port 1 is used as PWM output pin, the settings of the P1DIR register and the P1PLU 
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5-7 8-Bit Timer Synchronous Output 


5-7-1 Operation 


When the binary counter of the timer reaches the set value of the compare register, the latched data is 
output from port 7 at the next count clock. 


mSynchronous Output Operation by 8-Bit timer (Timer 1, Timer 2) 

The port 7 latched data is output from the output pin at the interrupt request generation by the match of 
the binary counter and the compare register. 

Only port 7 can perform synchronous output operation, and individual pins can be set. 8-Bit timers that 
have synchronous output operation are timer 1 and timer 2. 


Table 5-7-1 Synchronous Output Port (Timer 1, Timer 2) 





Timer 1 Timer 2 





Synchronous 
output port Port 7 Port 7 

















™Count Timing of Synchronous Output (Timer 1, Timer 2) 


TMnEN 
flag 


Compare Cy 
register 1 ‘ ‘ ‘ : : 












Port 7 output 
latch data 


se 0) 
counter 
Compare 
match signal 
Interrupt 
request flag 
Port 7 


synchronous x Y Z Y 
output data 


Figure 5-7-1 Count Timing of Synchronous Output (Timer 1, Timer 2) 






X 


The port 7 latched data is output from the output pin in synchronization with the interrupt request 
generation by the match of binary counter and compare register. 
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5-7-2 Setup Example 


Synchronous Output Setup Example (Timer 1, Timer 2) 

Setup example that latched data of port 7 is output constantly (100 ps) by using timer 2 from the synchro- 
nous output pin is shown below. The clock source of timer 2 is selected fs/4 (at fosc=8 MHz). 

An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Start the counter. (1) Set the TM2EN flag of the timer 2 mode 
TM2MD (x'3F82') register (TM2MD) to "0" to stop the timer 2 
bp4 >TM2EN =0 counting. 
(2) Select the synchronous output (2) Setthe P7SYEVS2-1 flag of the pin control 
event. register 2 (FLOAT2) to "10" to set the 
FLOAT2 (x'3F4C’) synchronous output event to timer 2 interrupt. 


bp1-0 :P7SYEVS2-1 = 10 


(3) Set the synchronous output pin. (3) Set the synchronous output control register 
SYSMD (x'3F1F') = x'FF' (SYSMD) to x'FF' to set the synchronous 
P7DIR (x'3F37') = X'FF' output pin. 


(P77 to P70 are synchronous output pin.) 
Set the port 7 direction control register 
(P7DIR) to x'FF' to set port 7 to output mode. 


If it needs, pull up resistor should be added. 
[@ Chapter 4. I/O Ports ] 


(4) Select the normal timer operation. (4) Set the TM2PWM flag of the TM2MD register 
TM2MD (x'3F82') to "0" to select the normal timer operation. 
bp3 STM2PWM =0 
(5) Select the count clock source. (5) Select fs/4 for clock source by TM2CK2-0 flag 
TM2MD (x'3F82') of the TM2MD register. 


bp2-0 :TM2CK2-0 = 001 
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Setup Procedure 


Description 








(6) Set the synchronous output event 
generation cycle. 
TM2OC (x'3F72') = x'63' 


(7) Start the timer operation. 
TM2MD (x'3F82') 
bp4 -TM2EN =1 





(6) 


Set the synchronous output generation cycle 
to the timer 2 compare register (TM2O0C). 
The setting value is set to 100-1=99(x'63'), 
because 1 MHz is divided by 10 kHz. 

At that time, the timer 2 binary counter 
(TM2BC) is initialized to x'00". 


Set the TM2EN flag of the TM2MD register to 
"{" to start timer 2. 








TM2BC counts up from x'00". If any data is written to the port 7 output register (P7OUT), the data of 
port 7 is output from the synchronous output pin in every time an interrupt request is generated by 
the match of TM2BC and the set value of the TM2OC register. 





When the port 7 synchronous output is disabled, the value of the synchronous output value 
storage register is not always same to the value of the port 7 output register (P7OUT). 


Therefore, the pin output may be changed at the switching from the general output to the 





synchronous output. 
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5-8 Serial Interface Transfer Clock Output 


5-8-1 Operation 
Serial interface transfer clock can be created by using the timer output signal. 


Serial Interface Transfer Clock Operation by 8-Bit Timer (Timer 0 and Timer 3) 
Timer 0 output can be used as a transfer clock source for serial interface 2. 
Timer 3 output can be used as a transfer clock source for serial interface 0 and serial interface 1. 


Table 5-8-1 Timer for Serial Interface Transfer Clock 























Serial transfer clock Timer 0 Timer 3 
Serial interface 0 - V 
Serial interface 1 : V 
Serial interface 2 V - 





Timing of Serial Interface Transfer Clock (Timer 0 and Timer 3) 


TM3EN 
flag 


Compare ft a Ee 
register ' ' ' ' ' 


= ee) MCE} Ae) Hee 
counter 
Interrupt 
request flag 
Timer output 
(Serial transfer fo 
clock) 


Figure 5-8-1 Timing of Serial Interface Transfer Clock (Timer 0 and Timer 3) 


The timer pulse output is used as the clock source of the serial interface. And its frequency is 1/2 of 


the set frequency in the timer compare register. 


The count timing is same to the timing of timer operation. For the baud rate calculation and the 


serial interface setup, refer to chapter 10. Serial Interface 0. 
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5-8-2 Setup Example 


Serial Interface Transfer Clock Setup Example (Timer 0 and Timer 3) 

How to create a transfer clock for half duplex UART (serial interface 0) using with timer 3 is shown below. 
The baud rate is selected to be 300 bps, the source clock of timer 3 is selected to be fs/4 (at fosc=8 
MHz). 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Stop the counter. 
TM3MD (x'3F83') 
bp4 ‘TM3EN =0 


Select the normal timer operation. 
TM3MD (x'3F83') 
bp3 ‘TM3PWM =0 


Select the count clock source. 
TM3MD (x'3F83') 
bp2-0 :TM3CK2-0 = 001 


Set the baud rate. 


TM30C (x'3F73') = X'CF' 
Start the timer operation 
TM3MD (x'3F83') 
bp4 ‘TM3EN =1 





(1) 


Set the TM3EN flag of the timer 3 mode 
register (TM3MD) to "0" to stop timer 3 
counting. 


Set the TM3PWM flag of the TM3MD register 
to "0" to select the normal timer operation. 


Select the clock source to fs/4 by the 
TM3CK2-0 flag of the TM3MD register. 


Set the timer 3 compare register (TM30C) to 
the value that baud rate comes to 300 bps. 

[ @ Chapter 10. Table 10-3-18 ] 
At that time, the timer 3 binary counter 
(TM3BC) is initialized to x'00'. 


Set the TM3EN flag of the TM3MD register to 
"1" to start timer 3. 





TM83BC counts up from x'00'. Timer 3 output is the clock of the serial interface 0 at transmission and 


reception. 


For the compare register setup value and the serial interface operation setup, refer to chapter 10. 


Serial Interface 0. 
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5-9 


5-9-1 


Cascading timers 0 and 1, or timer 2 and 3 form a 16-bit timer. 


Operation 


Cascade Connection 


™8-Bit Timer Cascade Connection Operation (Timer 0 + Timer 1, Timer 2 + Timer 3) 


Timer 0 and timer 1, or timer 2 and timer 3 are combined to be a 16-bit timer. Cascading timer is operated 


at clock source of timer 0 or timer 2 which are lower 8 bits. 
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Timer Functions at Cascade Connection 





Timer O + Timer 1 


Timer 2 + Timer 3 





























(16 Bit) (16 Bit) 
Interrupt source TM1IRQ TM3IRQ 
Timer operation V V 
Event count V é V : 
(TMOIO input) (TM210 input) 
Timer pulse output V V 
(TM110 output) (TM3IO output) 
PWM output - - 
Synchronous output V - 
Serial interface transfer 7 V 
clock output (TM3IO output) 
Remote control carrier - ‘f 
output 
fosc fs 
fs fs/4 
Clock source 4 e 
TMOIO input TM2I0 input 











fosc : Machine clock (High speed oscillation ) 
fx : Machine clock (Low speed oscillation ) 
fs : System clock (at NORMAL mode : fs=fosc/2, at SLOW mode : fs=fx/4) 





Cascade Connection 
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At cascade connection, the binary counter and the compare register are operated as a 16 bit regis- 
ter. At operation, set the TMnEN flag of the upper and lower 8-bit timers to "1" to be operated. 
Also, the clock source is the one which is selected in the lower 8-bit timer. 

Other setup and count timing is the same to the 8-bit timer at independently operation. 





When timer 0 and timer 1 are used in cascade connection, timer 1 interrupt request flag is 
used. Disable the timer 0 interrupt. Timer pulse output of timer 0 is "L" fixed output. 











When timer 2 and timer 3 are used in cascade connection, timer 3 interrupt request flag is 
used. Disable the timer 2 interrupt. Timer pulse output of timer 2 is "L" fixed output. 














At the cascade connection, if the binary counter should be cleared by rewriting the compare 
register, the TMnEN flags of the lower and upper 8 bits timers mode registers should be set 
to "0" to stop the counting, then rewrite the compare register. 

Also, set the (TM10C + TMOOC) register and the (TM30C + TM2OC) register by the 16-bit 
access instruction. 
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5-9-2 


Setup Example 


mCascade Connection Timer Setup Example (Timer 0 + Timer 1, Timer 2 + Timer 3) 
Setting example of timer function that an interrupt is constantly generated by cascade connection of 
timer 0 and timer 1, as a 16-bit timer is shown. An interrupt is generated in every 2500 cycles (1 ms) by 


selecting source clock to fs/4 (fosc=20 MHz). 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 








Stop the counter. 
TMOMD (x'3F80') 


bp4 :TMOEN =0 
TM1MD (x'3F81') 
bp4 -TM1EN =0 


Select the normal operation of lower 
timer : 
TMOMD (x'3F80') 
bp3 -TMOPWM =0 


Set the cascade connection. 
TM1MD (x'3F81') 
bp2-0 :TM1CK2-0 = 100 


Select the count clock source. 
TMOMD (x'3F80') 
bp2-0 :TMOCK2-0 = 010 


Set the interrupt generation cycle 
TMnOC(x'3F71', x'3F70')=x'09C3' 


Disable the lower timer interrupt. 
TMOICR (x'3FE4') 
bp1 >TMOIE =0 





— 
a 


) 


Set the TMOEN flag of the timer 0 mode 
register (TMOMD) to "0", the TM1EN flag of the 
timer 1 mode register (TM1MD) to "0" to stop 
timer 0 and timer 1 counting. 


Set both of the TMOPWM flag of the TMOMD 
register to "0" to select the normal operation of 
timer 0. 


Connect timer 1 and timer 0 in cascade 
connection by the TM1CK2-0 flag of the 
TM1MD register. 


Set the clock source to fs/4 by the TMOCK2-0 
flag of the TMOMD register. 


Set the timer 1 compare register + timer 0 
compare register (TM10C + TMOOC) to the 
interrupt generation cycle (x'09C3' : 2500 
cycles - 1). 

At that time, timer 1 binary counter + timer 0 
binary counter (TM1BC + TMOBC) are 
initialized to x'0000'. 


Set the TMOIE flag of the timer 0 interrupt 
control register (TMOICR) to "0" to disable the 
interrupt. 
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Setup Procedure 


Description 








(10 


— 


Set the level of the upper timer 
interrupt. 
TM1ICR (x'3FE5') 
bp7-6 ‘TMiLV1-0 = 10 


Enable the upper timer interrupt. 


TM1ICR (x'3FE5') 
bp1 STM11E =1 
Start the upper timer operation. 
TM1MD (x'3F81') 

bp4 -TM1EN =1 
Start the lower timer operation. 
TMOMD (x'3F80') 


bp4 :TMOEN =] 





(10 


— 


Set the interrupt level by the TM1LV1-0 flag of 
the timer 1 interrupt control register (TM1ICR). 
If any interrupt request flag had already been 
set, clear it. 


Set the TMI1IE flag of the TM1ICR register to 
"1" to enable the interrupt. 


[ « Chapter 3 3-1-4. Interrupt Flag Setup ] 


Set the TM1EN flag of the TM1MD register to 


"{" to start timer 1. 


Set the TMOEN flag of the TMOMD register to 
"1" to start timer 0. 





TM1BC + TMOBC counts up from x'0000' as a 16-bit timer. When TM1BC + TMOBC reaches the set 
value of TM10C + TMOOC register, the timer 1 interrupt request flag is set to "1" at the next count 
clock, and the value of TM1BC + TMOBC becomes x'0000' and counting up is restarted. 





ka 


TM2OC) register. 


Use a 16-bit access instruction to set the (TM1OC + TMOOC) register and the (TM30C + 











kd 





timer operation. 


If the lower timer starts to operate before the upper timer does, the first overflow signal of the 
lower timer may be invalid. To prevent this, start the upper timer operation before the lower 
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5-10 Remote Control Carrier Output 


5-10-1 Operation 
Carrier pulse for remote control can be generated. 


Operation of Remote Control Carrier Output (Timer 0, Timer 3) 
Remote control carrier pulse is based on output signal of timer 0 or timer 3. Duty cycle is selected from 
1/2, 1/3. RMOUT (P10) outputs remote control carrier output signal. 


Base period set by timer 
——+>. 


Base timer output | | | | | | | | 
RMOUT 
(1/2 duty) 
RMOUT 
(1/3 duty) 
Figure 5-10-1 Duty Cycle of Remote Control Carrier Output Signal 


™Count Timing of Remote Control Carrier Output (Timer 0, Timer 3) 


Base timer output 
Output ON 
RMOEN 

Output OFF 
ye 

P1OMDO 
"oO" 

RMOUT 

(1/3 duty) 

(A) 


Figure 5-10-2 Count Timing of Remote Control Carrier Output Function (Timer 0, Timer 3) 


(A) Even if the RMOEN flag is off when the carrier output is high, the carrier waveform is held 
by the synchronizing circuit. 











© When the RMOEN flag is switched to on, set the P10TCO flag of the P1OMD register to "1". 
When it is switched to off, set it to "0". 
Cs, a . 
© When the RMOEN flag is changed, do not change the base cycle and its duty at the same 
time. If they are changed at the same time, the carrier wave form is not output properly. 
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mRemote Control Carrier Output Setup Example (Timer 0, Timer 3) 

Here is the setting example that the RMOUT pin outputs the 1/3 duty carrier pulse signal with "H" period 
of 36.7 kHz, by using timer 0. The source clock of timer 0 is set to fosc (at 8 MHz). 

An example setup procedure, with a description of each step is shown below. 


Base period set 


by timer 0 (36.7 kHz) 


—_— 


Base period 

set by timer 0 
RMOUT output 
(1/3 duty) 


Figure 5-10-3 Output Wave Form of RMOUT Output Pin 





Setup Procedure 


Description 





(1) Disable the remote control carrier 


output. 
RMCTR (x'3F89') 
bp3 :RMOEN =0 


(2) Select the base cycle setting timer. 
RMCTR (x'3F89') 
bp0 :RMBTMS = 1 


(3) Select the carrier output duty. 
RMCTR (x'3F89') 
bp1 :RMDTYO =1 


(4) Stop the counter. 
TMOMD (x'3F80') 
bp4 : TMOEN =0 


(5) Set the remote control carrier output of 
the special function pin. 
P1OUT (x'3F11') 





bp0 :P1OUTO =0 
P1OMD (x'3F39’) 

bpO :P1OTCO =1 
P1DIR (x'3F31') 

bp0 :P1DIRO =1 
RMCTR (x'3F89') 

bp4 ‘TMORM =0 





Set the RMOEN flag of the remote control 
carrier output control register (RMCTR) to "0" 
to disable the remote control carrier output. 


Set the RMBTMS flag of the RMCTR register 
to "1" to set the timer as a base cycle setting 
timer. 


Set the RMDTY0 flag of the RMCTR register to 
"1" to select 1/3 duty. 


Set the TMOEN flag of the timer 0 mode 
register (TMOMD) to "0" to stop the timer 0 
counting. 


Set the P1OUTO0 flag of the port 1 output 
register (P1OUT) to "0" to set the output data 
of P10 pin to "0. 

Set the P1OTCO flag of the port 1 output mode 
register (P1OMD) to "1" to set P10 pinasa 
special function pin. 

Set the P1DIRO flag of the port 1 direction 
control register (P1DIR) to "1" for output mode. 
Set the TMORM flag of the RMCTR register to 
"0" to select the remote control carrier output. 
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Setup Procedure 


Description 








(6) Select the normal timer operation. 
TMOMD (x'3F80') 


bp3 : TMOPWM =0 


Select the count clock source. 
TMOMD (x'3F80") 
bp2-0 : TMOCK2-0 = 000 


(7) 


(8) Set the base cycle of remote control 
carrier. 


TMOOC (x'3F70') = x'6C' 


(9) Start the timer operation. 
TMOMD (x'3F80') 
bp4 :TMOEN =1 


(10) Enable the remote control carrier 


output. 
RMCTR (x'3F89') 
bp3 :>RMOEN =1 





(10 


= 


Set the TMOPWM flag of the TMOMD register 
to "0" to select normal timer operation. 


Select fosc to clock source by the 
TMOCK2-0 flag of the TMOMD register. 


Set the base cycle of remote control carrier by 
writing x'6C' to the timer 0 compare register 
(TMOOC). The set value should be (8 MHz/ 
73.4 kHz) - 1 = 108(x'6C’) 

8 MHz is divided to be 73.4 kHz, 2 times 
36.7 kHz. 


Set the TMOEN flag of the TMOMD register to 
"1" to stop the timer 0 counting. 


Set the RMOEN flag of the RMCTR register to 
"{" to enable the remote control carrier output. 





TMOBC counts up from x'00'. Timer 0 outputs the base cycle pulse set in TMOOC. Then, the 1/3 duty 
remote control carrier pulse signal is output. If the RMOEN flag of the RMCTR register is set to "0", 
the remote control carrier pulse signal output is stopped. 
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6-1 Overview 


This LSI contains a general-purpose 16-bit timer (Timer 4). 


6-1-1 Functions 


Table 6-1-1 shows the functions of timer 4 can use. 


Table 6-1-1 16-Bit Timer Functions 
































Timer 4 
(16-bit timer) 
Interrupt source TM4IRQ 
Timer operation V 
Event count V 
Timer pulse output V 
PWM output (Added Pulse Type) V 
Synchronous output V 
Capture function | 
fosc 
Clock source 7 
TMA4lO input 





fosc : Machine clock (High speed oscillation ) 





fs : System clock ( at NORMAL mode : fs=fosc/2, at SLOW mode : fs=fx/4) 





VI-2 Overview 
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Block Diagram 


6-1-2 
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Timer 4 Block Diagram 
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Figure 6-1-1 
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6-2 Control Registers 


Timer 4 contains the binary counter (TM4BCL/TM4BCH), the compare register (TM4OCL/TM40CH) 
and input capture register (TM4ICL/TM4ICH). The timer 4 mode register (TM4MD) controls timer 4. 


6-2-1 Registers 


Table 6-2-1 shows the registers that control timer 4. 


Table 6-2-1 16-Bit Timer Control Registers 



























































Register Address R/W Function Page 
TM4BCL x'03F64' R_ | Timer 4 binary counter (lower 8 bits) VI-5 
TM4BCH x'03F65' R_ | Timer 4 binary counter (upper 8 bits) VI-5 
TM40CL xX'03F74' R/W | Timer 4 compare register (lower 8 bits) VI-5 
TM40CH x'03F75' RW | Timer 4 compare register (upper 8 bits) VI-5 
Timer 4 TM4ICL x'03F66' R_ | Timer 4 input capture regsiter (lower 8 bits) VI-6 
TM4ICH x'03F67' R_ | Timer 4 input capture register (upper 8 bits) VI-6 
TM4MD x'03F84' RW | Timer 4 mode register VI-7 
TM4ICR X'O3FEF' RWW | Timer 4 interrupt register (timer 4 compare match) Ill- 26 
P1OMD x'03F39' R/W |Port 1 output mode register MV -14 
P1DIR X'03F31' RW |Port 1 direction control register MV -13 





R/W : Readable/Writable 
R : Readable only 
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6-2-2 Programmable Timer Registers 


Timer 4 has a 16-bit programmable timer register. It contains a compare register, a binary counter and a 
capture register. Each register has 2 sets of 8-bit register. Operate by 16-bit access. 


Compare register is a 16-bit register stores the value that compared to binary counter. 


mTimer 4 Compare Register (TM40C) 


7 6 5 4 3 2 1 0 
TM4OCL __|TM40CL7)TM40CL6 |TM40CL5 |TM4OCL4 |TM40CL3 | TM4OCL2| TM40CL1/TM40CLO| + ( At reset : X X X X X X X X ) 
































Figure 6-2-1 Timer 4 Compare Register Lower 8 bits (TM4OCL : x'03F74', R/W) 


7 6 5 4 3 2 1 0 
TM4O0CH _|TM40CH7/TM40CH6|TM40CHS ITM40CH4 |TM40CH3|TM40CH2|TM4OCHIITM40CHO| ( At reset : X X X XX XXX) 
































Figure 6-2-2 Timer 4 Compare Register Upper 8 bits (TM40CH : x'03F75", R/W) 


Binary counter is a 16-bit up counter. If any data is written to a compare register during counting is 
stopped, the binary counter is cleared to x'0000". 


Timer 4 Binary Counter (TM4BC) 


7 6 5 4 3 2 1 0 
TM4BCL | TM4BCL7|TM4BCL6|TM4BCL5 |TM4BCL4 | TM4BCL3 | TM4BCL2| TM4BCL1 nmecio (at reset:00000000) 
































Figure 6-2-3 Timer 4 Binary Counter Lower 8 bits (TM4BCL : x'03F64', R) 


7 6 5 4 3 2 1 0 
TM4BCH __ |TM4BCH7|TM4BCH6 |TM4BCHS |TM4BCH4 |TM4BCH3| TM4BCH2 nec ct (at reset:00000000) 
































Figure 6-2-4 Timer 4 Binary Counter Upper 8 bits (TM4BCH : x'03F65', R) 
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Input capture register is a register that holds the value loaded from a binary counter by capture trigger. 
Capture trigger is generated by an input signal from an external interrupt pin (Directly writing to the 
register by program is disable.). 


Timer 4 Input Capture Register (TM4IC) 


7 6 5 4 3 2 1 0 
TM4ICL | TMAICL7 | TM4ICL6 | TMAICLS | TMAICL4 | TM4ICL3 | TM4ICL2 | TMAICL1 | TM4ICLO| ( At reset :X XXX XXXX) 



































Figure 6-2-5 Timer 4 Input Capture Register Lower 8 bits (TM4ICL : x'03F66', R) 


7 6 5 4 3 2 1 0 
TM4ICH | TM4ICH7 | TM4ICHG | TM4ICHS ) TM4ICH4 | TM4ICH3 | TM4ICH2 | TMAICHI | TM4ICHO | ( At reset : X X X XX XXX) 



































Figure 6-2-6 Timer 4 Input Capture Register Upper 8 bits (TM4ICH : x'03F67’', R) 
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6-2-3. Timer Mode Registers 


This is a readable / writable register that controls timer 4. 


Timer 4 Mode Register (TM4MD) 


7 6 5 4 3 2 1 0 





TM4MD - | TM4EN |TM4PWM|TM4ICTS1 | TM4ICTSO/TM4CK2ITM4CK1 ITM4CKO (at reset:-0000XXX) 


















































TM4CK2/TM4CK1/TM4CKO| Clock source 
0 0 fosc 
fs/4 
0 
0 | fs/16 
1 ; TM4IO input 
1 Synchronous TM4IO input 














TM4ICTSIITM4ICTSO| Timer 4 input capture trigger 

















0 0 Disable input capture 
1 IRQO 

{ 0 IRQ1 
1 IRQ2 

















TM4PWM Timer 4 operation mode 












































0 16-bit timer normal operation 
1 PWM operation 
TM4EN Timer 4 count control 
0 Disable the count 
1 Enable the count 





Figure 6-2-7 Timer 4 Mode Register (TM4MD : x'03F84', R/W) 
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6-3 16-Bit Timer Count 


6-3-1 Operation 
Timer operation can constantly generate interrupt. 


™16-Bit Timer Operation (Timer 4) 

The generation cycle of an timer interrupt is set by the clock source selection and the set value of the 
compare register (TM40C), in advance. When the binary counter (TM4BC) reaches the set value of the 
compare register, the timer 4 interrupt request flag is set to "1" at the next count clock, the binary counter 
(TM4BC) is cleared to x'0000' and the counting up is restarted from x'0000". 





unit data, even if it is a 16-bit MOVW instruction. As a result, the CPU will read the data 


C When the CPU reads the 16-bit binary counter (TM4BC), the read data is treated as 8-bits 
incorrectly if a carry from the lower 8 bits to the upper 8 bits occurs during counting. 
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Table 6-3-1 shows the clock source that can be selected. 


Table 6-3-1 Clock Source at Timer Operation (Timer 4) 














Clock source 1 count time 
fosc 50 ns 
fs/4 400 ns 
fs/16 1.6 us 











as fosc = 20 Mz, fs = fosc/2 = 10 MHz 





mCount Timing of Timer Operation (Timer 4) 
The binary counter counts up with the selected clock source as the count clock. 
The basic operation of the whole function of 16-bit timer is as follows ; 


Count 
clock 


TM4EN 
flag 


Compare 
register 


Binary 
counter 


Compare 
match signal 


Interrupt 
request flag 


Figure 6-3-1 Count Timing of Timer Operation (Timer 4) 





(A) Set the value to the timer 4 compare register (TM4O0C). 

(B) If the TM4EN flag is "1", the binary counter starts counting from x'0000". 
The counting is happened at the falling edge of the count clock. 
But the binary counter doesn't count up at the first falling edge of the count clock. 

(C) If the binary counter reaches the value of the compare register, the interrupt request 
flag is set at the next count clock, and the binary counter is cleared to x'0000' to restart 


counting up. 


(D) If the TM4EN flag is "0", the binary counter is stopped after 1 counting up. 


Operation VI-9 
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When the binary counter reaches the value in the compare register, the interrupt request flag 
is set and the binary counter is cleared, at the next count clock. So, set the compare register 
as: Compare register setting = (count till the interrupt request - 1) 


























© If the interrupt is enabled, the timer interrupt request flag should be cleared before timer 
operation is started. 

© If the set value of the compare register (TM4OC) is smaller than that of the binary counter 
(TM4BC) during the count operation, the binary counter counts up to the overflow, at first. 




















= 


Even if the TM4EN flag of the timer 4 is cleared during operation, it does not stop until the 
next count clock. Therefore, during max. 1 count clock after the TM4EN is cleared, the binary 
counter cannot be initialized. 
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6-3-2 


Timer Operation Setup Example (Timer 4) 


Setup Example 
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Timer 4 generates an interrupt constantly for timer function. Fosc (fosc=20 MHz at operation) is selected 
as a clock source to generate an interrupt every 1000 cycles (50 us). 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Stop the counter. 
TM4MD (x'3F84') 
bp6 :TM4EN =0 


Select the normal timer operation. 
TM4MD (x'3F84') 
bp5 : TM4PWM = 0 


Select the count clock source. 
TM4MD (x'3F84') 
bp2-0 : TM4CK2-0 = 000 


Set the interrupt generation cycle. 
TM40C (x'3F75', x'3F74')=x'03E7 


Set the interrupt level. 
TM4ICR (x'3FEF') 
bp7-6 : TM4LV1-0 = 10 


Enable the interrupt. 
TM4ICR (x'3FEF') 
bp1 > TM4IE =1 


Start the timer operation. 
TM4MD (x'3F84') 
bp6 :TM4EN =1 





Set the TM4EN flag of the timer 4 mode 
register (TM4MD) to "0" to stop timer 4 
counting. 


Set the TM4PWM flag of the TM4MD register 
to "0" to select the normal timer operation. 


Select fosc as a clock source by the TM4CK2- 
0 flag of the TM4MD register. 


Set the interrupt generation cycle to the timer 4 
compare register (TM4OC). The cycle is 1000. 
The set value should be 1000-1=999(x'03E7’). 


Set the interrupt level by the TM4LV1-0 flag of 
the timer 4 interrupt control register (TM4ICR). 


If any interrupt request flag had already been 
set, clear it. 
[€ Chapter 3 3-1-4. Interrupt Flag Setup ] 


Set the TM4IE flag of the TM4ICR register to 
"1" to enable the interrupt. 


Set the TM4EN flag of the TM4MD register to 
"{" to start timer 4. 








TM4BC counts up from x'0000'. When TM4BC reaches the set value of the TM4OC register, the 
timer 4 interrupt request flag is set to "1" at the next count clock and the TM4BC becomes x'0000' 


and counts up, again. 
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id 


When the TM4EN flag of the TM4MD register is changed at the same time to other bit, binary 
counter may count up by the switching operation. 








id 








If the value of the TM4OCH and TM4OCL register are rewritten when the timer 4 is stopped, 
the timer 4 binary counter becomes x'0000'. 

But, even if the TM4EN flag of the operating timer is cleared to "0", it doesn't stop until the 
count edge of the next clock. Therefore, during max. 1 count clock after the TM4EN is 
cleared, the binary counter cannot be initialized. 
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6-4 16-Bit Event Count 


6-4-1 Operation 


Event count operation has 2 types ; TM4IO input and synchronous TM4IO input can be selected as the 
count clock. 


™16-Bit Event Count Operation (Timer 4) 

Event count means that the binary counter (TM4BC) counts the input signal from external to the TM4IO 
pin. If the value of the binary counter reaches the setting value of the compare register (TM4O0C), inter- 
rupts can be generated at the next count clock. 


Table 6-4-1 Event Count Input Clock Source 





Timer 4 


TMA4lO input 
(P14) 


Synchronous TM4IO 
input 








Event input 














mCount Timing of TM4I0O Input (Timer 4) 
When TM4IO input is selected, TM4IO input signal is directly input to the count clock of the timer 4. The 
binary counter counts up at the falling edge of the TM4IO input signal. 


TM4IO 
input 


TM4EN 
flag 


Compare 
register 


Binary onan: 

counter 0000 0001 N-1 N 0000} 0001}0002 

Match signal ee | 
Interrupt 

request flag 


Figure 6-4-1 Count Timing TM4IO Input (Timer 4) 


If the binary counter is read at operation, incorrect data at counting up may be read. To 
prevent this, use the event count by the synchronous TM4lO input as the following page. 
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™Count Timing of Synchronous TM4IO Input (Timer 4) 

If the synchronous TM4lO input is selected, the synchronizing circuit output signal is input to the count 
clock. The synchronizing circuit output signal is changed at the falling edge of the system clock after the 
TM4lO input signal is changed. The binary counter counts up at the falling edge of the synchronizing 
circuit output signal or the synchronizing circuit output signal that passed through the divide-by circuit. 


TM41O 
input 


System 
clock (fs) 


Synchronizing circuit 
output (count clock) 


TM4EN 
flag 





Compare 
register 


counter 
Compare 
match signal 
Interrupt 
request flag 
Figure 6-4-2 Count Timing of Synchronous TM4IO Input (Timer 4) 
When the synchronous TM4lO input is selected as the count clock source, the timer 4 
counter counts up in synchronization with system clock, therefore the correct value is always 
read. 


But, if the synchronous TM4lO is selected as the count clock source, CPU mode cannot 
return from STOP/HALT mode. 
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Setup Example 


Event Count Setup Example (Timer 4) 
If the falling edge of the TM4IO input pin signal is detected 5 times using timer 4, an interrupt is gener- 


ated. 


Chapter6 16-Bit Timer 


An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Stop the counter. 
TM4MD (x'3F84') 
bp6 :TM4EN =0 


Select the normal timer operation. 
TM4MD (x'3F84') 
bp5 : TM4PWM =0 


Set the special function pin to input 
mode. 
P1DIR (x'3F31') 
bp4 :P1DIR4 =0 


Select the count clock source. 
TM4MD (x'3F84') 
bp2-0 : TM4CK2-0 = 011 


Set the interrupt generation cycle. 
TM40C (x'3F75', x'3F74')=x'0004' 


Set the interrupt level. 
TM4ICR (x'3FEF') 
bp7-6 ‘TM4LV1-0 = 10 





Set the TM4EN flag of the timer 4 mode register 
(TM4MD) to "0" to stop timer 4 counting. 


Set the TM4PWM flag of the TM4MD register 
to "0" to select the normal timer operation. 


Set the P1DIR4 flag of the port 1 direction 
control register (P1DIR) to "0" to set P14 pin to 
input mode. 


If it needs, pull up resistor should be added. 
[@ Chapter 4 I/O Ports ] 


Select the TM4IO input as a clock source by the 
TM4CK2-0 flag of the TM4MD register. 


Set the interrupt generation cycle to the timer 4 
compare register (TM40C). The set value 
should be 4, because the counting is 5 times. 


Set the interrupt level by the TM4LV1-0 flag of 
the timer 4 interrupt control register (TM4ICR). 


If any interrupt request flag had already been 


set, clear it. 
[ € Chapter 3 3-1-4. Interrupt Flag Setup ] 
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Setup Procedure Description 
(7) Enable the interrupt. (7) Set the TM4IE flag of the TM4ICR register to 
TM4ICR (x'3FEF') "1" to enable interrupt. 
bp1 : TM41E =1 
(8) Start the event count. (8) Set the TM4EN flag of the TM4MD register to 
TM4MD (x'3F84') "{" to start timer 4. 
bp6 :TM4EN =1 














Every time TM4BC detects the falling edge of TM4IO input, TM4BC counts up from 'x0000'. When 
TM4BC reaches the setting value of the TM4OC register, the timer 4 interrupt request flag is set at 
the next count clock, then the value of TM4BC becomes x'0000' and counting up is restarted. 
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6-5 16-Bit Timer Pulse Output 


6-5-1 Operation 
TM4lIO pin can output a pulse signal with any frequency. 


Operation of 16-Bit Timer Pulse Output (Timer 4) 
The timers can output 2 x cycle signal, compared to the setting value in the compare register (TM40C). 
Output pins are as follows ; 


Table 6-5-1 Timer Pulse Output Pin 





Timer 4 


TM4IO output 
(P14) 





Pulse output pin 














@Count Timing of Timer Pulse Output (Timer 4) 


TM4EN 
flag 


Compare | a ae 
register ! i ! : i 


zr Jeon} (a5] = efor) fof 
counter 
Compare 
match signal 
Interrupt 
request flag 
TM4IO output 


Figure 6-5-1 Count Timing of Timer Pulse Output (Timer 4) 


The TM4IO pin outputs 2 x cycle, compared to the value in the compare register. If the binary 
counter reaches the compare register, and the binary counter is cleared to x'0000', TM4IO output 
(timer output) is inverted. The inversion of the timer output is changed at the rising edge of the count 
clock. This is happened to form the waveform inside to correct the output cycle. 


In the initial state after releasing reset, the timer pulse output is low output. 
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6-5-2 Setup Example 


Timer Pulse Output Setup Example (Timer 4) 


TM4lO pin outputs 50 kHz pulse by using timer 4. For this, select fosc as clock source, and set a 1/2 
cycle (100 kHz) for the timer 4 compare register (at fosc=20 MHz). 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter. 
TM4MD (x'3F84') 
bp6 : TM4EN =0 


(2) Set the special function pin to output 


mode. 
P1OMD (x'3F39') 
bp4 :P14TCO =1 
P1DIR (x'3F31') 
bp4 :P1DIR4 =1 


(3) Select the normal timer operation. 
TM4MD (x'3F84') 
bp5 : TM4PWM =0 


(4) Select the count clock source. 
TM4MD (x'3F84') 
bp2-0 : TM4CK2-0 = 000 


(5) Set the timer pulse output cycle. 
TM40C (X'3F75', X'3F74')=x'00C7' 


(6) Start the timer operation. 
TM4MD (x'3F84') 
bp6 :TM4EN =1 








Set the TM4EN flag of the timer 4 mode 
register (TM4MD) to "0" to stop timer 4 
counting. 


Set the P14TCO flag of the port 1 output mode 
register (P1OMD) to "1" to set P14 pin as the 
special function pin. Set the P1DIR4 flag of the 
port 1 direction control register (P1DIR) to "1" 
to set output mode. 

If it needs, pull-up resister should be added. 

[ € Chapter 4 I/O Ports ] 


Set the TM4PWM flag of the timer 4 mode 
register (TM4MD) to "0" to select the normal 
timer operation. 


Select fosc as a clock source by the 
TM4CK1-0 flag of the TM4MD register. 


Set the 1/2 frequency of the timer pulse output 
cycle to the timer 4 compare register 
(TM40C). To be 100 kHz by a divided 20 MHz, 
set as follows ; 

200 - 1 = 199 (x'C7’') 


Set the TM4EN flag of the TM4MD register to 
"{" to start timer 4. 
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TM4BC counts up from x'0000'. If TM4BC reaches the set value of the TM40C register and TM4BC 
is cleared to x'0000', the signal of the TM4IO output is inverted and TM4BC counts up from x'0000'" 
again. 








Set the compare register value as follows, 
The timer pulse output cycle 


The compare register value = The count Glock eycle X 2 -1 
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6-6 Added Pulse Type 16-Bit PWM Output 


6-6-1 Operation 


In the added pulse method 16-bit PWM output, a 1-bit output is appended to the basic component of the 
8-bit PWM output, and the output is from TM4IO. Precise 16-bit control is possible based on the number 
of PWM repetitions (256 times) to which this bit is appended. 


Added Pulse Type 16-Bit PWM Output (Timer 4) 

The lower 8 bits of the compare register (TM4OCL) set the duty ("H" period) of the basic PWM waveform 
and the upper 8 bits of the compare register (TC4OCH) set the added pulse position. The cycle of the 
basic PWM waveform is the period of the full count overflow in the lower 8 bits of the binary counter 
(TM4BCL). Table 6-6-1 shows the PWM output pin. 


Table 6-6-1 PWM Output Pin 





Timer 4 


TM41O output pin 
(P14) 





PWM output pin 














Added Pulse Type PWM Output (Timer 4) 


PWM basic components l 


Added pulse—>| [— 


| | | : Added pulse 


Tn=x'00'  Tn=x'01' Tn=x'02'. Tn=x'03'_ ss Tn=x'04' = Tn=x'FF" 
repeated count, 256 times 


Figure 6-6-1 Added Pulse Type PWM Output 





Set the P1DIR register and the P1PLU register, when the P14 pin is used as a PWM output 
pin. 


——_ 
© 











For PWM operation, x'FF' in TM4OCL produces the same result as x'00' : constant low level 
output at the PWM4 pin, not constant high. Do not set x'FF' in TM4OCL. 











= 
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The upper 8 bits of timer 4 compare register (TM4OCH) set the position of the added pulse. If the 
TM4OCH register is set to x'00', an additional bit is not appended to the basic PWM component. If the 
TM4OCH register is set to x'FF', an additional bit is repeatedly appended to the 255 basic PWM compo- 
nents during the cycle. The relation between the value set in the TM4OCH register and the position of the 
added pulse is shown in the table below. 
In the TM4OCH register, the position of the added pulse (the value of Tn) depends which bit has "1". And 
the number of the setting value in TM4OCH is the number of bits to be added. For example, if x'03' is set 
in the TM4OCH register (set "1" in bpO and bp1), bits are appended to pulse positions for x'01' (Tn=x'80") 
and x'02' (Tn=x'40', x'C0'), shown in the below table. 





The setting value of 


Position of the added pulse (the value of Tn) 





(x01" 
(x'02' 
00000100 (x'04' 
00001000 (x08' 
00010000 (x'10' 
( 
( 
( 
) 


0 
00100000 (x20' 
01000000 (x40' 
10000000 (x'80' 


(bp7) (bp0 


) 
) 
) 
) 
) 
) 
) 
) 
) 








TM40CH 
00000000 (x'00' none 
00000001 (x01 x'80' 
00000010(x' x'40',x'C0' 


x'20',x'60', x'A0'.x'E0' 
x'10',x'30',x'50'.x'70',x'90'.x'B0'.x'‘D0'".x'F0' 


x'08',x'18',x'28',x'38',x'48',x'58- - - - - XE8'x'F8' 
x'04',x0C'.x'14',x1C'x'24'X2C,- - - - - X'F4',x'FC' 
x'02',x06'.X0A'X'0E'.x'12'.xX16,- - - - - XFA'XFE! 
x'01',x03',x'05',x'07',x109',X10B,- - - - - XFD'XFF' 












The setting value in 
the TM4OCH register 


x'00' 


x'01' 





repeated count, 256 times 














Ll L__ I 


























| 


Figure 6-6-2 The Setting Value in The TM4OCH Register 
and The Position of The Added Pulse 


x'FF' ~<t—Position of 


added pulse 
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6-6-2 Setup Example 


Added Pulse Type 16-Bit PWM Output Setup Example (Timer 4) 
The TM4IO output pin outputs the 1/4 duty (64 :192) PWM output waveform at 78.125 kHz with timer 4. 
In the PWM output repetitions (256 times), the added pulse is appended 7 times and the duty becomes 
65 : 191. The high frequency oscillation (fosc) is set to be operated at 20 MHz. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter. 
TM4MD (x'3F84') 
bp6 : TM4EN =0 


(2) Set the special function pin to output 


mode. 
P1OMD (x'3F39’) 
bp4 :P14TCO =1 
P1DIR (x'3F31') 
bp4 :P1DIR4 =1 


(3) Select the count clock source. 
TM4MD (x'3F84') 
bp2-0 : TM4CK2-0 = 000 


(4) Set the PWM operation. 
TM4MD (x'3F84') 
bp5 :TM4PWM = 1 


(5) Set the PWM output "H" period 
and the location of the added pulse. 
TM40C(x'3F75', x'3F74') = x'0740' 








(1) 


Set the TM4EN flag of the timer 4 mode 
register (TM4MD) to "0" to stop timer 4 
counting. 


Set the P14TCO flag of the port 1 output mode 
register (P1OMD) to "1" to set the P14 pinasa 
special function pin. Set the P1DIR4 flag of the 
port 1 direction control register (P1DIR) to "1" 
to set output mode. 


If it needs, pull-up resister should be added. 
[ @ Chapter4 1/O Ports ] 


Select fosc as a clock source by the 
TM4CK2-0 flag of the TM4MD register. 


Set the TM4PWM flag of the timer 4 mode 
register (TM4MD) to "1" to select the PWM 
operation. 


Set the "H" period of the PWM output in the 
lower 8 bits of the timer 4 compare register 
(TM4OCL). To be 1/4 duty of the full count 256 
of the lower 8 bits in the timer 4 binary counter 
(TM4BCL), the setting value should be 

256 / 4 = 64 (x'40'). Also set the location of the 
added pulse in the upper 8 bits of the compare 
register. If it is set to x'07', the added pulse is 
appended 7 times in 256 repetitions. 
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Setup Procedure Description 
(6) Start the timer operation. (6) Set the TM4EN flag of the TM4MD register to 
TM4MD (x'3F84') "{" to start timer 4. 
bp6 :TM4EN =1 














TM4BCL counts up from x'00'. The PWM source waveform outputs "H" until TM4BCL reaches the 
set value of the TM4OCL register, then, after the match it outputs "L". After that, TM4BCL continues 
to count up, once a overflow happens, the PWM source waveform outputs "H" again, and TM4BCL 
counts up from x'00', again. 

From the above setting, the basic PWM waveform becomes 64 : 192. And the TM4OCH is set to 
x'07', in the PWM output repetitions (256 times), the added pulse is appended 7 times and the duty 
becomes 65 : 191. 


© For PWM operation, x'FF' in TM4OCL produces the same result as x'00' : constant low level 
output at the PWM4 pin, not constant high. Do not set x'FF' in TM4OCL. 














© 
Ld Use a 16-bit access instruction to set the TM4OCH, TM4OCL register. 
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6-7 16-Bit Timer Synchronous Output 


6-7-1 Operation 


When the binary counter of the timer reaches the set value of the compare register, the latched data is 
output from port 7 at the next count clock. 


™Synchronous Output Operation by 16-Bit timer (Timer 4) 

The port 7 latched data is output from the output pin at the interrupt request generation by the match of 
the binary counter (TM4O0C) and the compare register. 

Only port 7 can perform synchronous output operation, and individual pins can be set. 


™Count Timing of Synchronous Output (Timer 4) 


TM4EN 
flag 


Compare a ee fa 
register : ' : ' ' 


Port 7 output 
latched data 


piney (nn 2000} 000 {wt} n | 0000\ 0001} - - - (wet) n 0000} 0001} ----{ N-4 
counter 
match signal 
Interrupt 
request flag 
Port 7 
output data 


Figure 6-7-1 Count Timing of Synchronous Output (Timer 4) 





The port 7 latched data is output from the output pin in synchronization with the interrupt request 
generation by the match of binary counter and compare register. 


Even if the port 7 is used as a synchronous output pin, the setting of the P7DIR register is 
necessary. 
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6-7-2 Setup Example 


Synchronous Output Setup Example (Timer 4) 
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Setup example that latched data of port 7 is output constantly (100 ps) by using timer 4 from the synchro- 
nous output pin is shown below. The clock source of timer 4 is selected fs/4 (at fosc=8 MHz). 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Stop the counter. 
TM4MD (x'3F84') 
bp6 : TM4EN =0 


(2) Select the synchronous output event. 
FLOAT2 (x'3F4C’') 
bp1-0 : P7SYEVS2-1 = 01 


(3) Set the synchronous output pin. 
SYSMD (x'3F1F’) = X'FF' 
P7DIR (x'3F37') = X'FF' 


(4) Select the count clock source. 
TM4MD (x'3F84') 
bp2-0 : TM4CK2-0 = 001 


(5) Select the normal timer operation. 
TM4MD (x'3F84') 
bp5 : TM4PWM =0 


(6) Set the synchronous output event 
generation cycle. 
TM40C (x'3F75',x'3F74')=x'0063' 


(7) Start the timer operation. 
TM4MD (x'3F84') 
bp6 >TM4EN =1 








(1) 


Set the TM4EN flag of the timer 4 mode register 
(TM4MD) to "0" to stop timer 4 counting. 


Set the P7SYEVS2-1 flag of the pin control 
register 2 (FLOAT2) to "01" to set the 
synchronous output event to the timer 4 
interrupt. 


Set the synchronous output control register 
(SYSMD) to x'FF' to set the synchronous 
output pin. 

(P77 to P70 : Synchronous output pin) 
Set the port 7 direction control register (P7DIR) 
to x'FF' to set port 7 to output pin. 


If it needs, pull up resistor should be added. 
[ @ Chapter4 I/O Ports ] 


Select fs/4 as a clock source by the TM4CK2-0 
flag of the TM4MD register. 


Set the TM4PWM flag of the TM4MD register 
to "0" to select the normal timer operation. 


Set the synchronous output event generation 

cycle to the timer 4 compare register (TM40C). 

To be 10 kHz by dividing 1 MHz, set as follows ; 
100 - 1 = 99 (x'0063') 


Set the TM4EN flag of the TM4MD register to "1" 
to start timer 4. 
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TM4BC counts up from x'0000'. If any data is written to the port 7 output register (P7OUT), TM4BC 
reaches the set value of TM4OC register and the synchronous output pin outputs data of port 7 in 
every time an interrupt request is generated. 





When the port 7 synchronous output is disabled, the value of the synchronous output value 

storage register is not always same to the value of the port 7 output register (P7OUT). 
Therefore, the pin output may be changed at the switching from the general output to the 
synchronous output. 
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6-8  16-Bit Timer Capture 


6-8-1 Operation 
The value of a binary counter is stored to register at the timing of the external interrupt input signal. 


Capture Operation with External Interrupt Signal as a Trigger (Timer 4) 

Capture trigger of input capture function is generated at the external interrupt signal that passed through 
the external interrupt interface block. The capture trigger is selected by the timer 4 mode register 
(TM4MD) and the external interrupt control register (IRQOICR, IRQ1ICR, IRQ2ICR). 

Here are the capture trigger to be selected and the interrupt flag setup. 


Table 6-8-1 Capture Trigger 


External interrupt n control | Interrupt starting edge 
Capture trigger source register register (IRQnICR) of external interrupt n 
PDisebieimpacepue | | SCdSCC“‘“‘CSWCOC*#’ 


IRQO rising edge oiRan) {| 1 | isi 
IRQ1 falling edge | 0s IRQY falling edge 


IRQ1 rising edge IRQ1 rising edge 





IRQ2 falling edge 0 IRQ2 falling edge 


IRQ2 rising edge Pa IRQ2 rising edge 


1 
1 
1 





An interrupt request and a capture trigger are generated at switching the active edge of an external 
interrupt by program, when the setup is as follows ; 
(1) at switching the active edge from the falling to the rising, when the interrupt pin is "H" level. 
(2) at switching the active edge from the rising to the falling, when the interrupt pin is "L" level. 


Operate the interrupt flag with regard to the noise influence on the program. 
[ @ Chapter 3 3-3-4. Programmable Active Edge Interrupt ] 
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™Capture Count Timing at Falling Edges of External Interrupt Signal is selected as a Trigger (Timer 4) 


TM4EN 
flag 


Compare : ‘ : : : N i 
register : ' : : ' : 


= he a fale 
External interrupt m ee ae Se I Ie ee 
Capture trigger | | || (|| cor ||| 


Figure 6-8-1 Capture Count Timing at an External Interrupt Signal is selected as a Trigger 
(Timer 4) 


A capture trigger is generated at the falling edges of the external interrupt m input signal. At the same 
timing, the value of a binary counter is stored to the input capture register. A capture trigger is generated 
only at the edge that is specified as a capture trigger source. The other count timing is same to the count 
timing of the timer operation. 





When the binary counter is used as a free counter that counts x'0000' to x'FFFF', set the 
compare register to x'FFFF'. 








If a capture trigger is generated before the value of the input capture register is read, the 
value of the input capture register can be rewritten. 


= = 
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6-8-2 Setup Example 


™Capture Function Setup Example (Timer 4) 

Pulse width measurement is enabled by storing the value of the binary counter to the capture register at 
the interrupt generation edge of the external interrupt 0 input signal with timer 4. The interrupt generation 
edge is specified to be the rising edge. 

An example setup procedure, with a description of each step is shown below. 


interrupt interrupt 
External interrupt | | | | 
IRQO input 
<—_— > 


Pulse width to be measured 


Figure 6-8-2 Pulse Width Measurement of External Interrupt 0 








Setup Procedure Description 
(1) Stop the counter. (1) Set the TM4EN flag of the timer 4 mode 
TM4MD (x'3F84') register (TM4MD) to "0" to stop timer 4 
bp6 >: TM4EN =0 counting. 
(2) Select the count clock source. (2) Select fosc as clock source by the TM4CK2-0 
TM4MD (x'3F84') flag of the TM4MD register. 


bp2-0  : TM4CK2-0 = 000 


(3) Select the capture trigger generation (3) Select the external interrupt 0 (IRQO) input as 
interrupt source. a generation source of capture trigger by the 
TM4MD (x'3F84') T4ICTS1-0 flag of the TM4MD register. 
bp4-3 : T4ICTS1-0= 01 


(4) Select the interrupt generation active (4) Set the REDGO flag of the external interrupt 0 


edge. control register (IRQOICR) to "1" to select the 
IRQOICR (x'3FE2') rising edge as the interrupt generation active 
bp5 :REDGO =1 edge. 

(5) Select the normal timer operation. (5) Set the TM4PWM flag of the timer 4 mode 
TM4MD (x'3F84') register (TM4MD) to "0" to select the normal 
bp5 : TM4PWM =0 timer operation. 

(6) Set the compare register. (6) Set the timer 4 compare register (TM4OCH, 

TM40C (x'3F75',x'3F74') = x'FFFF' TM4OCL) to x'FFFF'. At that time, the timer 4 


binary counter (TM4BC) is initialized to x'0000". 














16-Bit Timer Capture VI - 29 


Chapter 6 16-Bit Timer 








Setup Procedure Description 
(7) Set the interrupt level. (7) Set the interrupt level by the IRQOLV1-0 flag of 
IRQOICR (x'3FE2') the IRQOICR register. 
bp7-6 : IRQOLV1-0= 10 If any interrupt request flag had already been 
set, clear it. 


[ ¢ Chapter 3 3-1-4. Interrupt Flag Setup ] 


(8) Enable the interrupt. (8) Enable the interrupt by setting the IRQOIE flag 
IRQOIGR (x'3FE2') of the IRQOICR register to "1". 
bp1 :IRQOIE == 1 
(9) Start the timer operation. (9) Set the TM4EN flag of the TM4MD register to 
TM4MD (x'3F84') "{" to start timer 4. 
bp6 :TM4EN =1 














TM4BC counts up from x'0000'. At the timing of the rising edge of the external interrupt 0 input 
signal, the value of TM4BC is stored to the TMA4IC register. 

At the above (7), (8), the IRQO interrupt is enabled, but input capture is available even if an interrupt 
is disabled. However, if an interrupt is enabled, the pulse width between rising edges of the external 
interrupt input signal can be measured by reading the value of TM4IC register by the interrupt 
service routine, and by calculating the margin of the capture values (the values of the TM4IC regis- 
ter). 
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7-1 Overview 


This LSI has a time base timer and a 8-bit free-running timer (timer 5). 
Time base timer is a 13-bit timer counter. These timers stop the timer counting only at standby mode 
(STOP mode). 


7-1-1 Functions 


Table 7-1-1 shows the clock sources and the interrupt generation cycles that timer 5 and time base timer 
can select. 


Table 7-1-1 Clock Source and Generation Cycle 





Timer 5 


Ine ase tet (8-Bit free-running timer) 











Timer operation V V 
Interrupt source TBIRQ TM5IRQ 
fosc 
F fs/4 
Clock source o fx 


fosc X 1/2" (*') 
fx X 1/213 (*?) 





fosc X 1/27 (*") 
fosc X 1/2° (*") 
fosc X 1/29 (*") 

: 


fosc X 1/2"? (*") 
Interrupt generation | fosc X 1/2'3 (*') The interrupt generation cycle is decided by the any 
cycle ix tia? “(* value written to TM5OC. 


fx X 1/22 (*2 
fx X 1/219 (*2) 


) 

fx X 1/28 (*2) 
) 

( 2 

fx X 1/213 (*2) 











fosc : Machine clock (High speed oscillation) 

fx : Machine clock (Low speed oscillation) 

fs : System clock ( at NORMAL mode : fs = fosc / 2, at SLOW mode : fs = fx / 4) 
- *t can be used as a clock source of time base timer is selected to 'fosc'. 

- *8 can be used as a clock source of time base timer is selected to ‘fx’. 

- Time base timer and timer 5 cannot stop timer counting. 
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Block Diagram 


7-1-2 


MTimer 5, Time Base Timer Block Diagram 
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Block Diagram (Timer 5, Time Base Timer) 


Figure 7-1-1 
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7-2 Control Registers 


Timer 5 consists of binary counter (TM5BC), compare register (TM5OC), and is controlled by mode 


register (TM5MD). Time base timer is controlled by mode register (TM5MD), too. 


7-2-1 


Control Registers 


Table 7-2-1 shows the registers that control timer 5, time base timer. 






































Table 7-2-1 Control Registers 

Register Address Function Page 

TM5BC x'03F68' Timer 5 binary counter VIl-5 

TM50C x'03F78' Timer 5 compare register VIl- 5 
Timer 5 

TM5MD x'03F88' Timer 5 mode register VIl-6 

TM5ICR x'03FFO' Timer 5 interrupt control register Ill - 27 

TM5MD x'03F88' Timer 5 mode register VIl-6 
Timer base timer 

TBICR X'03FE7' Time base interrupt control register Ill - 28 





R/W : Readable / Writable 


R 


Vil -4 


: Readable only 


Control Registers 





7-2-2 Programmable Timer Registers 


Timer 5 is a 8-bit programmable counter. 
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Programmable counter consists of compare register (TM5OC) and binary counter (TM5BC). 


Binary counter is a 8-bit up counter. When the TM5CLRS flag of the timer 5 mode register (TM5MD) is 
"0" and the interrupt cycle data is written to the compare register (TM5OC), the timer 5 binary counter 
(TM5BC) is cleared to x'00". 


Timer 5 Binary Counter (TM5BC) 


7 


6 


5 


4 


3 


2 


1 


0 





TM5BC TM5BC7 





TM5BC6 








TM5BC5 





TM5BC4 





TM5BC3 





TM5BC2 





TM5BC1 





TM5BC0 








Figure 7-2-1 


(atreset:00000000) 


Timer 5 Binary Counter (TM5BC : x'03F68', R) 


mTimer 5 Compare Register (TM50C) 


7 


6 


5 


4 


3 


2 


1 


0 





TM50G TM50C7 





TM50C6 








TM50C5 





TM5004 





TM50C3 





TM50C2 





TM50C1 





TMSOCO 








(atreset:XXXXXXXX) 


Figure 7-2-2. Timer 5 Compare Register (TM5OC : x'03F78', R/W) 
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7-2-3 


Timer Mode Registers 


This is a readable / writable register that controls timer 5 and time base timer. 


Timer 5 Mode Register (TM5MD) 


TM5MD 
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7 


6 


5 


4 


3 


2 


1 


0 








TMSCLRS 





TMSIR2 





TMSIR1 





TMSIRO 





TM5CK3 





TMSCK2 





TMSCK1 





TMSCKO 























(At reset:0XXXXXX0) 





































































































TM5CKSO Time base timer clock source 
0 fosc 
1 fx 
TM5CK3| TM5CK2|TM5CK1| Timer 5 clock source 
fosc 
= 0 0 
1 fs/4 
0 fx 
0 1 1 Output of time base timer 
1 0 | Synchronous fx 
1 Synchronous output of time base timer 
Time base timer 
TMSIR2 | TMSIR1 | TMSIRO interrupt cycle selection 
; 0 | Time base selection clock x 1/2” 
0 1 Time base selection clock x 1/2° 
4 0 | Time base selection clock x 1/2° 
1 | Time base selection clock x 1/2'° 
1 x X__| Time base selection clock x 1/2"° 
TMS5CLRS Timer 5 binary counter clear selection 





0 


Enable the initialization of TMSBC as TM50C is written 





1 








Disable the initialization of TM5BC as TM5OC is written 





* TM5IRQ is disabled as TM5CLRS = 0, 
TM5IRQ is enabled as TM5CLRS = 1. 


Figure 7-2-3 Timer 5 Mode Register (TM5MD : x'03F88', R/W) 
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7-3 8-Bit Free-running Timer 


7-3-1 Operation 


™8-Bit Free-running Timer (Timer 5) 

The generation cycle of timer interrupts is set by the clock source selection and the setting value of the 
compare register (TM5OC), in advance. If the binary counter (TM5BC) reaches the setting value of the 
compare register, an interrupt is generated at the next count clock, then binary counter is cleared and 
counting is restarted from x'00'. 

Table 7-3-1 shows clock source that can be selected. 


Table 7-3-1 Clock Source at Timer Operation (Timer 5) 























Clock source One count time 
fosc 50 ns 
fs/4 400 ns 
fx 30.5 us 
fosc X 1/2 '8 409.6 us 
fx X 1/2 19 250 ms 
fosc = 20(MHz) 
fx = 32.768(kHz) 
calculated as fs = fosc/2 = 10 MHz 














C Timer 5 cannot stop its timer counting except at standby mode (STOP mode). 
a 
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™8-bit Free-running Timer as a 1 minute-timer, a 1 second-timer 
Table 7-3-2 shows the clock source selection and the TM5OC register setup, when a 8-bit free-running 
timer is used as a 1 minute-timer, a 1 second-timer. 


Table 7-3-2 1 minute-timer, 1 second-timer Setup (Timer 5) 




















sie el Clock Source TM5OC Register 
1 min fx x 1/213 X'EF' 
fx x 1/2'° X'1F" 
1s 
fx x 1/219 X'03' 
fx = 32.768(kHz) 








When the 1 minute-timer (1 min.) is set on Table 7-3-2, the bp1 waveform frequency (cycle) of the 
TM5BC register is 1 Hz (1 s). So, that can be used for adjusting the seconds. 


TM5BC 
oe | Ly Et} LI LILI LI 


"4 Hz(1s)° 


Figure 7-3-1 Waveform of TM5BC Register bp1 (Timer 5) 
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@Count Timing of Timer Operation (Timer 5) 
Binary counter counts up with the selected clock source as a count clock. 


Count clock | | | | | | | | | 


TM5CLRS 
flag 


Compare 
register 


: : : : ; ; :  (B) : : : ; : 
cantar Jot o209f ot 02 }om-4{nerX wf oo fo J 02 f 08 p---{ ea} mY 00 jf 
counter 

(A) (D) 
Compare | | 
match signal 
Interrupt a 
request ei 


flag (C) 


Figure 7-3-2 Count Timing of Timer Operation (Timer 5) 


(A) When any data is written to the compare register as the TM5CLRS flag is "0", the binary 
counter is cleared to x'00'. 

(B) Even if any data is written to the compare register as the TM5CLRS flag is "1", the binary 
counter is not changed. 

(C) | When the binary counter reaches the value of the compare register as the TM5CLRS flag is 
"{", aninterrupt request flag is set at the next count clock. 

(D) | When an interrupt request flag is set, the binary counter is cleared to x'00' and restarts the 
counting. 

(E) Even if the binary counter reaches the value of the compare register as the TM5CLRS flag is 
"0", no interrupt request flag is set. 





When the binary counter reaches the value in the compare register, the interrupt request flag 
is set and the binary counter is cleared, at the next count clock. So, set the compare register 
as: Compare register setting = (count till the interrupt request - 1) 


= 








If fx is selected as the count clock source in timer 5, when the binary counter is read at 
operation, uncertain value on counting up may be read. To prevent this, select the synchro- 
nous fx as the count clock source. 

But, if the synchronous fx is selected as the count clock source, CPU mode cannot return 
from STOP/HALT mode. 


= 








If the compare register is set the smaller value than the binary counter's during the count 
operation, the binary counter counts up to the overflow, at first. 


= 
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7-3-2 Setup Example 


Timer Operation Setup (Timer 5) 

Timer 5 generates an interrupt constantly for timer function. fs/4 (fosc=20 MHz) is selected as a clock 
source to generate an interrupt every 250 dividing (100 us). 

An example setup procedure, with a description of each step is shown below. 








Setup Procedure Description 
(1) Enable the binary counter (1) Set the TM5LRS flag of the timer 5 mode 
initialization. register (TM5MD) to "0". At that time, the 
TM5MD (x'3F 88’) initialization of the timer 5 binary counter 
bp7 : TM5CLRS = 0 (TM5BC) is enabled. 
(2) Select the clock source. (2) Clock source can be selected by the TM5CK3-1 
TM5MD (x'3F88') flag of the TM5MD register. Actually, fs/4 is 
bp3-1 : TM5CK@8-1 = 001 selected. 
(3) Set the interrupt generation cycle. (3) Set the interrupt generation cycle to the timer 
TM50C (X'3F78') = x'FQ' 5 compare register (TM5OC). At that timer, 


TM5BC is initialized to x'00'. 


(4) Enable the interrupt request (4) Setthe TM5CLRS flag of the TM5MD register to 
generation. "1" to enable the interrupt request generation. 
TM5MD (x'3F88') 
bp7 : TMS5CLRS = 1 
(5) Set the interrupt level. (5) Set the interrupt level by the TM5LV1-0 flag of 
TMBICR (x'3FF0') the timer 5 interrupt control register (TM5ICR). 
bp7-6 : TM5LV1-0 = 01 If any interrupt request flag had already been 
set, clear it. 


[« Chapter 3 3-1-4. Interrupt Flag Setup ] 


(6) Enable the interrupt. (6) Setthe TMSIE flag of the TMS5ICR register to "1" 
TMB5ICR (x'3FFO') to enable the interrupt. 
bp1 : TMS5IE =1 














* the above steps (1), (2) can be set at once. 


As TM50OC is set, TM5BC is initialized to x'00' to count up. 
When TM5BC matches TM5OC, the timer 5 interrupt request flag is set at the next count clock and 
TM5BC is cleared to x'00' to restart counting. 
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If the interrupt is enabled, the timer 5 interrupt request flag should be cleared before timer 5 
operation is started. 








= = 


If the TM5CLRS flag of the TM5MD register is set to "0", TM5BC can be initialized in every 
rewriting of TM5OC register, but in that state the timer 5 interrupt is disabled. If the timer 5 
interrupt should be enabled, set the TM5CLRS flag to "1" after rewriting the TM5OC register. 











= 


On the timer 5 clock source selection, either the time base timer output or the time base timer 
synchronous output is selected, the clock setup of time base timer is necessary. 
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7-4 Time Base Timer 


7-4-1 Operation 


mTime Base Timer (Time Base Timer) 
The Interrupt is constantly generated. 
Table 7-4-1 shows the interrupt generation cycle in combination with the clock source ; 


Table 7-4-1 Time Base Timer Interrupt Generation Cycle 


Selected clock source Interrupt generation cycle 


fosc X 1/28 12.8 us 
fosc ( = 20 MHz ) fosc X 1/2° 25.6 Us 


fosc X 1/2'° 51.2 us 
fosc X 1/218 409.6 us 


fosc X 1/27 15.2 us 
fose X 1/28 30.5 us 
fose ( = 8.39 MHz) fosc X 1/22 61.0 us 


fosc X 1/2'° 122.0 us 
fosc X 1/218 976.4 us 
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mCount Timing of Timer Operation (Time Base Timer) 
The counter counts up with the selected clock source as a count clock. 


12 11 10 Q9 fosc 


fx 





13 10 9 8 7 
1/2 1/2 1/2 1/2 1/2 


Figure 7-4-1 Count Timing of Timer Operation (Time Base Timer) 


When the selected interrupt cycle has passed, the interrupt request flag of the time base 
interrupt control register (TBICR) is set to "1". 





© An interrupt may be generated at switching of the clock source. Enable interrupt after switch- 
ing the clock source. 














© 
Ga Time base timer cannot stop the operation. 


13-bit counter of time base timer can be initialized only at reset. 


This LSI has built-in time base timer for digital clock. For example, if fx ( = 32.768 kHz) is 
selected as clock source, interrupt request flag is set by 13-bit counter par 250 ms. 
However, the 13-bit counter can be initialized only at reset. Therefore, the first interrupt 
request flag is not always set after 250 ms. 

Depending on counting condition, the first interrupt request flag is generated after 0 ms 
(minimum) to 250 ms (maximum). So, digital clock may gain 250 ms (maximum). 








How to keep a error to a minimum, on setting for digital clock. 
When fx ( = 32.768 kHz) is set as clock source, and the time base timer is used as digital 
clock ; 
- Select fosc as clock source. 
L 
- Generate interrupt. 


L 


- During interrupt service routine, change clock source to fx, and initialize a digital clock. 
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7-4-2. Setup Example 


Timer Operation Setup (Time Base Timer) 


Time base timer generates an interrupt constantly in the selected interrupt cycle. The interrupt genera- 
tion cycle is as fosc x 1/2'% (as 0.976 ms : fosc = 8.39 MHz) for generation interrupts. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





Select the clock source. 
TM5MD (x'3F88') 
bpO : TM5CKO 


(1) 
=0 


Select the interrupt generation 


cycle. 
TM5MD (x'3F88') 
bp6-4 : TM5IR2-0 = 100 


Set the interrupt level. 
TBICR (x'3FE7') 


bp7-6 : TBLV1-0 =01 


Enable the interrupt. 
TBICR (x'3FE7’') 


bp1 : TBIE = 1 








Select fosc as a clock source by the TM5CKO 
flag of the timer 5 mode register (TM5MD). 


Select the selected clock x 1/2"? as an interrupt 
generation cycle by the TM5IR2-0 flag of the 
TM5MD register. 


Set the interrupt level by the TBLV1-0 flag of 
the time base interrupt control register 
(TBICR). 

If any interrupt request flag had already been 
set, clear it. 


Set the TBIE flag of the TBICR register to "1" 
to enable the interrupt. 
[€ Chapter 3 3-1-4. Interrupt Flag Setup ] 





* the above steps (1), (2) can be set at once. 


When the selected interrupt generation cycle has passed, the interrupt request flag of the time base 


interrupt control register (TBICR) is set to "1". 
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Chapter8 |= Watchdog Timer 8 





Chapter 8 Watchdog Timer 


8-1 Overview 


This LSI has a watchdog timer. This timer is used to detect software processing errors. It is controlled by 
the watchdog timer control register (WDCTR). And, once an overflow of watchdog timer is generated, a 
watchdog interrupt (WDIRQ) is generated. If the watchdog interrupt is generated twice, consecutively, it 
is regarded to be an indication that the software cannot execute in the intended sequence; thus, a 
system reset is initiated by the hardware (Reset pin outputs low level.). 


8-1-1 Block Diagram 


mWatchdog Timer Block Diagram 




























































































































































































WDCTR, 
WDEN 
reset input [> a 
v —— 
Y R = if 
5 > internal reset release 
fs/2° —_+| A 
fs/2'° ——»| ue 
fs/2'* ——»| 
y 
rfl R 
ee 4/0" overflow aol ona overflow WDIRQ 
DLYCTR 
{ LDLYSo 
\ LDLYS1 
12 — BUZCKO 
a BUZCK1 
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Figure 8-1-1 Block Diagram (Watchdog Timer) 


The watchdog timer is also used as a timer to count the oscillation stabilization wait time. This is used as 
a watchdog timer except at recovering from STOP mode and at reset releasing. 

The watchdog timer is initialized at reset or at STOP mode, and counts system clock (fs) as a clock 
source from the initial value (x'0000'). The oscillation stabilization wait time is set by the oscillation 
stabilization control register (DLYCTR). After the oscillation stabilization wait, counting is continued as a 
watchdog timer. [ @ Chapter2 2-5. Reset ] 


VII-2 Overview 


Chapter 8 Watchdog Timer 


8-2 Control Registers 


The watchdog timer is controlled by the watchdog timer control register (WDCTR). 


mWatchdog Timer Control Register (WDCTR) 





WDCTR - - - - - - - WDEN (at reset :------- 0) 















































WDEN Watchdog timer 
0 Watchdog timer is cleared/disabled. 
1 Watchdog timer is enabled. 














Figure 8-2-1 Watchdog Timer Control Register (WDCTR : x'03F02', R/W) 
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Chapter 8 Watchdog Timer 


8-3. Operation 


8-3-1 Operation 


The watchdog timer counts system clock (fs) as a clock source. If the watchdog timer overflows, the 
watchdog interrupt (WDIRQ) is generated as an non-maskable interrupt (NMI). At reset, the watchdog 
timer is stopped. The watchdog timer control register (WDCTR) sets if the watchdog timer is enabled or 
disabled. 


If the watchdog interrupt (WDIRQ) is generated twice consecutively, it is regarded to be an indication that 
the software cannot execute in the intended sequence; thus, a system reset is initiated by the hardware 
( Reset pin outputs low level.) . 


mUsage of Watchdog Timer 

When the watchdog timer is used, constant clear in program is necessary to prevent an overflow of the 
watchdog timer. As a result of the software failure, the software cannot execute in the intended se- 
quence, thus the watchdog timer overflows and error is detected. After error is detected, the watchdog 
timer interrupt (WDIRQ) is generated as non-maskable interrupt (NMI). 


Programming of the watchdog timer is generally done in the last step of its programming. 


How to Clear Watchdog Timer 
The upper 2 bits of the watchdog timer can be cleared by setting the WDEN flag of the watchdog timer 
control register (WDCTR) to "0". 


The upper 2 bits of the watchdog timer are cleared when the WDEN flag of the watchdog 
timer control register (WDCTR) is set to "0". Therefore, depending on the clear timing the 
watchdog timer may be reset at 1/4 x (watchdog timer frequency). If the WDEN flag is to be 


repeatedly cleared and set at regular intervals, those operations should be performed within 
1/4 of the watchdog timer frequency. 


























VIIL-4 Operation 


Chapter 8 Watchdog Timer 


mWatchdog Timer Period 

The watchdog timer period is 27° x system clock. 

If the watchdog timer is not cleared till the set period of watchdog timer, that is regarded as an error and 
the watchdog interrupt (WDIRQ) of the non-maskable interrupt (NMI) is generated. 

Insert the instruction of the watchdog timer clear at even intervals to the main routine. Each intervals 
should be shorter than the period of the exection time. 


If the watchdog timer interrupt service routine does not respond to a watchdog timer interrupt 
for resetting the chip, the hardware responds to the next one by pulling the RESET pin low to 


reset the chip. 














mWatchdog Timer and CPU Mode 
The relation between this watchdog timer and CPU mode features are as follows ; 


1 
2 
3 
4 
5 
6 


In NORMAL, IDLE, SLOW mode, the system clock is counted. 

The counting is continued regardless of switching at NORMAL, IDLE, SLOW mode. 

In HALT mode, the watchdog timer is not stopped. 

In STOP mode, the watchdog timer is cleared automatically by hardware. 

In STOP mode, the watchdog interrupt cannot be generated. 

After releasing reset or recovering from STOP, the counting is executed for the duration of the 
oscillation stabilization wait time. 


( 
( 
( 
( 
( 
( 


ware rae DTS DY DH 





On HALT mode, the watchdog timer count won't stop. If it should be stopped, set the WDEN 
flag of the watchdog timer control register (WDCTR) to "0" to stop the watchdog timer opera- 
tion, before transition to HALT mode. 








When CPU mode is switched to STOP mode during the watchdog timer operation, the opera- 
tion does not stop after it operates as a counter for oscillation stabilization waiting at recover. 
If the watchdog timer is not necessary to detect errors, set the WDEN flag of the watchdog 
timer control register (WDCTR) to "0" to stop the watchdog timer, before CPU mode is 
switched to STOP mode. 


= = 











Operation VIII - 5 


Chapter 8 Watchdog Timer 


8-3-2 Setup Example 


The watchdog timer detects errors. The watchdog timer period is set to 27° x system clock. 
An example setup procedure, with a description of each step is shown below. 


B|nitial Setup Program (Watchdog Timer Initial Setup Example) 








Setup Procedure Description 
(1) Start the watchdog timer operation. (1) Set the WDEN flag of the WDCTR register to 
WDCTR (x'03F02') start the watchdog timer operation. 
bpO : WDEN =1 














mMain Routine Program (Watchdog Timer Constant Clear Setup Example) 





Setup Procedure Description 





(1) Set the constant watchdog timer clear.| (1) Clear the watchdog timer under the 1/4 cycle 
BCLR (WDCTR) WDEN of 2'® x system clock. 

(bp0 : WDEN = 0) 
The watchdog timer clear should be inserted in 
BSET (WDCTR) WDEN the main routine, with the same cycle, and to 

(bp0 : WDEN = 1) be the set cycle. 

Operate the watchdog timer again, after it is 
stopped (Upper 2 bits of the counter are 
cleared). 

















The upper 2 bits of the watchdog timer are cleared when the WDEN flag of the watchdog 
timer control register (WDCTR) is set to "0". Therefore, depending on the clear timing the 
watchdog timer may be reset at 1/4 x (watchdog timer frequency). If the WDEN flag is to be 


repeatedly cleared and set at regular intervals, those operations should be performed within 
1/4 of the watchdog timer frequency. 
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Chapter 8 Watchdog Timer 





Setup Procedure 


Description 





(1) Set the watchdog interrupt service 
routine. 
NMICR (x'03FE1’') 
TBNZ (NMICR) WDIR, WOPRO 








If the watchdog timer overflows, the non 
maskable interrupt is generated. 

Confirm that the WDIR flag of the non 
maskable interrupt control register (NMICR) is 
"{" on the interrupt service routine and manage 
the suitable execution. 














l Proper operation, right before the WDOG interrupt is not guaranteed. Therefore, if the 
WDOG interrupt is generated, initialize the system. 
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Chapter9 Buzzer 


9-1 Overview 


This LSI has a buzzer. It can output the square wave having a frequency 1/29 to 1/2'? of the system clock 
(fs) from P06/BUZZER pin. 


9-1-1 Block Diagram 


mBuzzer Block Diagram 


fs ———>| y 1/2'4 






























































fs/2"2 
Reset input [_ } [> ioe ly 
U P| BUZZER 
DLYCTR isle 
DLYSo | 0 
“DLYS1. | (sie 
BUZCKO |) 
BUZCK1 |) 
BUZOE 7 


Figure 9-1-1 Block Diagram (Buzzer) 


Ix -2 Overview 


Chapter9 Buzzer 


9-2. Control Register 


Oscillation Stabilization Wait Time Control Register 


7 6 5 4 3 2 1 0 





DLYCTR = |BUZOE]BUZCK1|BUZCKO} —- - DLYS1/DLYSO (At reset:0xx---00) 
































Oscillation stabilization 
wait period selection 





DLYS1 | DLYSO 











‘ 0 | fs/2'4 
1 fs/210 
0__| fs/26 


1 





1 Do not set. 
Note : After reset is released, the oscillation 
stabilization wait period is fixed at fs/2'4. 














Buzzer output 
BUZCK1/BUZCKO frequency selection 


























0 fs/212 
0 

1 | fs/21! 
: 0 | fs/21° 

1 | fs/29 














BUZOE P06 output selection 





0 PO6 port data output 
1 PO6 buzzer output 

















Figure 9-2-1 Oscillation Stabilization Wait Timer Control Register 
(DLYCTR : x'03F03', R/W) 
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9-3. Operation 


9-3-1 Operation 


mBuzzer 


Buzzer outputs the square wave having a frequency 1/2° to 1/2'2 of the system clock (fs). The BUZCK 1, 
0 flag of the oscillation stabilization wait control register (DLYCTR) set the frequency of buzzer output. 
The BUZOE flag of the oscillation stabilization wait control register (DLYCTR) sets buzzer output ON / 


OFF. 


mBuzzer Output Frequency 


The frequency of buzzer output is decided by the frequency of the system clock (fs) and the bit 6, 5 
(BUZCK1, BUZCKO0) of the oscillation stabilization wait control register (DLYCTR). Table 9-3-1 shows 


the buzzer output frequency. 



































Table 9-3-1 Buzzer Output Frequency 
fosc fs BUZCK1 | BUZCKO Buzzer output frequency 
0 0 2.44 kHz 
20 MHz 10 MHz 
0 1 4.88 kHz 
0 1 2.05 kHz 
8.39 MHz | 4.19 MHz 
1 0 4.10 kHz 
2 MHz 1 MHz 1 1 1.95 kHz 





Ix -4 Operation 
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9-3-2 Setup Example 


Buzzer outputs the square wave of 2 kHz from P06 pin. It is used 8.39 MHz as the high oscillation clock 
(fosc). 
An example setup procedure, with a description of each step is shown below. 














Setup Procedure Description 
(1) Set the buzzer frequency. (1) Set the BUZCK1-0 flag of the oscillation 
DLYCTR (x'3F03') stabilization wait control register (DLYCTR) 
bp6-5 : BUZCK1-0 = 01 to "01" to select fs/2" to the buzzer 
frequency. 
When the high oscillation clock fosc is 8.39 
MHz, the buzzer output frequency is 2 kHz. 
(2) Set PO6 pin. (2) Set the output data POOUTE of P06 pin to "0", 
POOUT (x'3F10') and set the direction control PODIR6 of P06 pin 
bp6 :POOUT6 =0 to "1" to select output mode. 
PODIR (x'3F30") PO6 pin outputs low level. 
bp6 :PODIR6 =1 
(3) Buzzer output ON. (3) Set the BUZOE flag of the oscillation 
DLYCTR (x'3F03') stabilization wait control register (DLYCTR) to 
bp7 :BUZOE =1 "{" to output the square wave of the buzzer 
output frequency set by P06 pin. 
(4) Buzzer output OFF. (4) Set the BUZOE flag of the oscillation 
DLYCTR (x'3F03') stabilization wait control register (DLYCTR) to 
bp7 :BUZOE =0 "0" to clear, and PO6 pin outputs low level. 
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Chapter 10 Serial Interface 0 


10-1 Overview 


This LSI contains a serial interface 0 that can be used for both communication types of clock synchro- 
nous and UART (Half-duplex). 


10-1-1 Functions 


Table 10-1-1 shows functions of serial interface 0. 


Table 10-1-1 Serial Interface 0 Functions 















































Communication style clock synchronous UART (half-duplex) 
Interrupt SCOIRQ SCOIRQ 
Used pins SBOO0,SBI0,SBTO TXD,RXD 
3 channels type V - 
2 channels type V (SBOO,SBTO) V 
1 channel type ; V (TXD) 
7 bits + 1 stop 
Specification of transfer bit 440.8 bits 7 bits + 2 stops 
count / Frame selection 8 bits + 1 stop 
8 bits + 2 stops 
Selection of parity bit - V 
0 parity 
Peres - 1 parity 
Parity bit control odd parity 
even parity 
’ se no selection 
Selection of start condition V Start bit is always added. 
Specification of the first V y 
transfer bit 
Specification of input edge / 4 - 
output edge 
Internal clock 1/8 dividing V Goh ie dinelng is 
available 
fs/2 fs/2 
fs/4 fs/4 
Clock source fs/16 fs/16 
Timer 3 output Timer 3 output 
External clock 
Maximum transfer rate 5.0 MHz 625 kbps 











fosc : Machine clock (High speed oscillation) 

fs : System clock (at NORMAL mode : fs=fosc/2, at SLOW mode : fs=fx/4) 
When the transmission and reception are operated at the same time at master 
communication of the clock synchronous, select "no start condition".- 


[7] Set fs/2 as maximum frequency for external clock. 


X-2 Overview 
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10-1-2 Block Diagram 


Serial Interface 0 Block Diagram 
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Serial Interface 0 Block Diagram 


Figure 10-1-1 
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Overview 
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10-2 Control Registers 


10-2-1 


Registers 


Table 10-2-1 shows registers to control serial interface 0. 















































Table 10-2-1 Serial Interface 0 Control Registers 
Register Address R/W Function Page 
SCOMDO x'03F50' RW |Serial interface 0 mode register 0 X-6 
SCOMD1 xX'03F51' RW |Serial interface 0 mode register 1 X-7 
SCOMD2 xX'03F52' RWW |Serial interface 0 mode register 2 X-8 
Seiial SCOMD3 X'03F53' RW |Serial interface 0 mode register 3 X-9 
interface 0 
SCOCTR xX'03F54' RW |Serial interface 0 control register X-10 
SCOTRB x'03F55' R/W |Serial interface 0 transmission / reception shift register X-5 
SCORXB X'03F56' R_ {Serial interface 0 reception data buffer X-5 
R/W : Readable / Writable 
R : Readable only 
xX-4 Control Registers 





Chapter 10 Serial Interface 0 


10-2-2 Data Buffer Registers 
Serial Interface 0 has a 8-bit shift register to shift the transmission and reception data and a 8-bit data 
buffer register for reception. 


Serial Interface 0 Transmission/Reception Shift Register (SCOTRB) 
7 6 5 4 3 2 1 0 





SCOTRB |SCOTRB7|SCOTRB6|SCOTRBS|SCOTRB4|SCOTRB3|SCOTRB2|SCOTRB1 |SCOTRBO (at reset : X X X X X XXX) 


























Figure 10-2-1 Serial Interface 0 Transmission/Reception Shift Register 
(SCOTRB : x'03F55', R/W) 


Serial Interface 0 Received Data Buffer (SCORXB) 


7 6 5 4 3 2 1 0 





SCORXB _|scoRXB7|SCORXB6|SCORXB5|SCORXB4| SCORXB3|SCORXB2|SCORXB1|SCORXBO| (at reset : X X X X X X X X ) 
































Figure 10-2-2 Serial Interface 0 Reception Data Buffer 
(SCORXB : x'03F56', R) 


Control Registers xX-5 
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10-2-3 Mode Registers / Control Registers 


Serial Interface 0 Mode Register 0 (SCOMDO) 


SCOMDO 


X-6 


7 6 








- |scuceo SCOCE1 | sco SCOSTE scot sca.na scouneo 














(at reset : - 


00XX000) 








SCOLNG2|SCOLNG1 


SCOLNGO 


Synchronous serial 
transfer bit count 





8 bits 





7 bits 





6 bits 





5 bits 





4 bits 





3 bits 








2 bits 








-(|~O;-/oO/;/—/O0/-|/co 


1 bit 














SCOSTE 


Synchronous serial data transfer 
start condition selection 





0 


Disable start condition 





Enable start c 


ondition 














SCODIR 


First bit to be 


transferred 





0 


MSB first 











LSB first 
































Reception data issi 
SCOCEO|SCOCE1| inout edge agra a 
0 0 rising falling 
1 falling rising 
1 0 falling falling 
1 rising rising 











Figure 10-2-3 Serial Interface 0 Mode Register 0 (SCOMDO : x'03F50", R/W) 


Control Registers 


Serial Interface 0 Mode Register 1 (SCOMD1) 


The SCOTRI, SCOERE, and SCOBRKF flags are only readable. 


SCOMD1 


7 6 5 


4 


3 


2 


1 


0 

















Ss -  |SCOCKM 


SCOCK1 |SCOCKO 








SCOBRKF 





SCOERE 


SCOTRI 
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(at reset :--X00000) 


















































SCOTRI Transmission / Reception 
interrupt request flag 
0 Transmission interrupt request 
1 Reception interrupt request 
SCOERE Error monitor 
0 No error 
1 Error 
SCOBRKF _ | Break status receive monitor 
0 Data 
Break 











SCOCK1} SCOCKO 


Clcok source 


























0 0 fs/2 
1 fs/4 
1 0 | fs/16 
1 Timer 3 output 
SCOCKM 1/8 dividing of transfer clock 


selection 





0 


Do not divide by 8 








{ 





Divide by 8 





Clock source can be selected as an 

external clock by setting the SBTO pin to 
input mode. At UART mode (SCOCMD=1),the 
SCOCKM is fixed to "1". 


Figure 10-2-4 Serial Interface 0 Mode Register 1 (SCOMD1 : x'03F51', R/W) 
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Serial Interface 0 Mode Register 2 (SCOMD2) 


SCOMD2 


xX-8 


Serial Interface 0 


5 4 


3 


2 


1 


0 

















ISCOBRKE SCOFM1 


SCOFMO 





SCOPM1 


SCOPMO 





SCONPE 




















(at reset :--O00XXX) 










































































SCONPE Parity enable 
0 Enable parity bit 
1 Disable parity bit 
A i ificati 
SCOPM1/SCOPMO dded pil eked gation 
Transmission | Reception 
0 0 Add "0" Check for "0" 
Add "1" Check for "1" 
; 0 | Addodd parity | Check for odd parity 
1 | Addeven parity |Check for even parity 
SCOFM1/SCOFMO| Frame mode specification 
0 0 7 data bits + 1 stop bit 
1 7 data bits + 2 stop bits 
; 0 8 data bits + 1 stop bit 
{ 8 data bits + 2 stop bits 
SCOBRKE _ [Break status transmit control 
0 Data transmit 











Break transmit 





Figure 10-2-5 Serial Interface 0 Mode Register 2 (SCOMD2 : x'03F52', R/W) 
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Serial Interface 0 Mode Register 3 (SCOMD3) 


SCOMD3 


7 6 5 


4 


3 2 1 0 








Sra 


(OM bonse0M 





SCOSBTM scossog SCOSBIS scoses 
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(at reset: --000000) 











































































































SCOSBTS SBTO pin function selection 
0 Port 
Serial interface clock pin 
SBIO input control 
SCOSBIS (reception enable flag) 
0 "4" input 
1 Serial data input 
SCOSBOS SBOO pin function selection 
(transmission enable flag) 
0 Port 
1 Serial data communication 
SCOSBTM SBTO pin configuration 
0 Push - pull output 
1 N ch open drain output 
SCOSBOM SBOO0 pin configuration 
0 Push - pull output 
1 N ch open drain output 
SCOIOM Reception port 
‘i SBIO : Reception port 


SBOO : Transmission port 











SBIO_ : General port 
SBOO : Transmission / 
Reception port 








Figure 10-2-6 Serial Interface 0 Mode Register 3 (SCOMDS3 : x'03F53', R/W) 
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Serial Interface 0 Control Register (SCOCTR) 


The SCOORE, SCOPEK, SCOFEF,and SCOBSY flags are only readable . 


7 


6 


3 


2 


1 





SCOCTR _ |SCOBSY 





SCOCMD 














SCOFEF 


SCOPEK 








SCOORE 























(At reset :00--000-) 
















































































SCOORE Overrun error detection 
0 No error 
1 Error 
SCOPEK Parity error detection 
0 No error 
1 Error 
SCOFEF Framing error detection 
0 No error 
1 Error 
Clock synchronous / 
ee OeMp UART selection 
0 Clock synchronous 
1 UART 
SCOBSY Serial bus status 
0 Other use 








1 





Serial transmission in progress 





Figure 10-2-7 Serial Interface 0 Control Register (SCOCTR : x'03F54', R/W) 


X-10 Control Registers 
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10-3 Operation 


Serial Interface 0 can be used for both clock synchronous and half-duplex UART. 


10-3-1 Clock Synchronous Serial Interface 


Selection of Clock Synchronous Serial Interface 
When the serial interface 0 is used as clock synchronous serial interface, set the SCOCMD flag of the 
serial interface control register (SCOCTR) to "0". 


Activation Factor for Communication 

Table 10-3-1 shows activation factors for communication. At master, the transfer clock is generated by 
setting data to the transmission / reception shift register SCOTRB, or by receiving a start condition. At 
slave, input an external clock, or input an external clock after a start condition is input. 


Table 10-3-1 Synchronous Serial Interface Activation Factor 





























: thas Sequence 
Operation mode Activation factor Sommunication 
Enable start condition Writing data to serial buffer V 
at master 
Disable start condition Writing data to serial buffer | 
Transmission 
Enable start condition Clock reception * \ 
at slave 
Disable start condition Clock reception V 
Enable start condition Start condition reception | 
at master 
Disable start condition Writing data to serial buffer _ 
Reception 
Enable start condition Start condition reception V 
at slave 
Disable start condition Clock reception 























* Start condition is output by writing the transmission data to the transmission / reception shift 
register SCOTRB when the SCOSBOS flag of the serial interface 0 mode register 3 (SCOMD3) is set 
to "1". Then, the transmission is started by the slave clock. 


When synchronous serial interface is used for master clock reception, it is necessary to write 
dummy data to the transmission / reception shift register (SCOTRB) for starting master clock. 
Automatic sequence reception with automatic data transfer can not be used, because it is 


necessary to write dummy data to serial interface buffer and to read reception data per a 
frame reception. 
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Cautions for master clock reception by the synchronous serial interface 0 


On the product with serial interface 1 or serial interface 2, master clock reception by synchro- 
nous serial interface 1, 2 is started by setting the SCxSBTS of the serial interface mode 
register (SCxMDx) to "1", then, setting the SCxSBIS to "1" and writing dummy data to the 
transmission / reception shift register (SCxTRB). 


But, by the above setting, this serial interface 0 cannot output the master clock, so that the 
reception is not started. 
Therefore, the following setup by the software is necessary. 


<By software> 

When synchronous serial interface 0 is used for master clock reception, it is necessary to set 
the SCOSBTS flag of the serial interface 0 mode register 3 (SCOMD3) to "1", then, set the 
SCOSBIS flag to "1" and set the SCOSBOS flag to "1". 

At last, the master clock is output by the writing dummy data to the transmission / reception 
shift register (SCOTRB), then, the reception is started. 


Program example for master clock reception by the synchronous serial interface 0 
SCOSBTS <1 

SCOSBIS, SCOSBOS «1,1 

SCOTRB < X'xx' (dummy data is written, reception is started) 


The SBOO pin cannot be used as general output port by setting the SCOSBOS flag to "1". But 
it can be used as general input port by setting the bpO of the port 0 direction control register 
(PODIR) to "0". 








Serial data communication of serial interface 0 can be available by setting the SCOSBIS flag 
or the SCOSBOS flag of the SCOMD3 register to "1". The SCOSBIS flag or the SCOSBOS flag 
should be set to "1" after all conditions are set. 











On the master communication of the clock synchronous, set the SCOSBTS flag to "1" before 
the SCOSBOS flag or the SCOSBIS flag of the SCOMD3 register is set to "1". But, at the slave 
communication, the SCOSBTS flag needs not to be set to "1". 





X-12 Operation 
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Transfer Bit Count 
The transfer bit count is selected from 1 bit to 8 bits. Set it by the SCOLNG2 to 0 flag of the SCOMDO 
register (at reset : O00). 


© 
Gd The SCOLNG2 to 0 flags change at the opposite edge of the transmission data output edge. 











SCOMDO register is changed. Except in an 8-bit transfer, reset the transfer bit count at the 


Ca After the transfer has completed, the transfer bit count in the SCOLNG2 to 0 flags of the 
time of the next transmission. 











SCOCE1 to 0 flags of the SCOMDO register are changed, the transfer bit count in the 


a When the SCOSBOS flag or the SCOSBIS flag of the SCOMDS3 register to "1" and the 
2 SCOLNG2 to 0 flags of the SCOMDO register may be incremented. 











Start Condition 

The SCOSTE flag of the SCOMDO register sets if a start condition is enabled or not. If a start condition is 
enabled and input, a bit counter is cleared to start the communication. The start condition, if the SCOCE1 
flag of the SCOMDO register is set to "0", is regarded when a data line (SBIO pin (with 3 channels) or 
SBOO pin (with 2 channels) is changed from "H" to "L" as a clock line (SBTO pin) is "H". Also, the start 
condition, if the SCOCE1 flag is set to "1", is regarded when a data line (SBIO pin (with 3 channels) or 
SBO0 pin (with 2 channels) is changed from "H" to "L" as a clock line (SBTO pin) is "L". 

When the reception and the transmission should be operated at the same time, disable start condition for 
proper operation. 


© Enabling the start condition drives the SBOO pin high level for a fixed time interval (1/2 the 
clock source cycle) after the transmission has completed. If the start condition is disabled, 


the SBOO pin will remain at the level of the last data bit. 











cleared when the start condition is received. In this case, the receive bit count is fixed at 8 
bits. 





Gd If the start condition is enabled, the SCOLNG2 to 0 flags of the SCOMDO register will be 








reception and the transmission should not be operated at the same time. The clock may be 


< On the master communication of the clock synchronous, if start condition is enabled, the 
= continued to output after the communication has completed. 











First Transfer Bit 
The SCODIR flag of the SCOMDO register can set the first transfer bit. MSB first or LSB first can be 
selected. 


Transmission Data 
Set the transmission data to the transmission / reception shift register (SCOTRB). 
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When switching from transmission to reception, set the SCOSBOS flag of the SCOMDO reg- 
ister to "0" and then set the SCOSBIS flag to "1". Do not change both of these flags at the 
same time. 








When switching from reception to transmission, set the SCOSBIS flag of the SCOMDO regis- 
ter to "0" and then set the SCOSBOS flag to "1". Do not change both of these flags at the 
same time. 


= & 
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@Tranfer Bit Count and First Transfer Bit 

On transmission, when the transfer bit is 1 bit to 7 bits, the data storing method to the transmission / 
reception shift register SCOTRB is different, depending on the first transfer bit selection. At MSB first, 
use the upper bits of SCOTRB. When there are 6 bits to be transferred, as shown on figure 10-3-1-1, if 
data "A" to "F" are stored to bp2 to bp7 of SCOTRB, the transmission is started from "F" to "A". At LSB 
first, use the lower bits on the program. When there are 6 bits to be transferred, as shown on figure 10- 
3-1-2, if data "A" to "F" are stored to bp0 to bp5 on the program, the transmission is started from "A" to 
"F", because their order is changed in the SWAP circuit. 

7 6 5 4 3 2 1 0 





SCOTRB F E D C B A 


Figure 10-3-1-1 Transfer Bit Count and First Transfer Bit (starting with MSB) 





Setting on program F E D C B A 



































SCOTRB A B C D E F 
































Figure 10-3-1-2. Transfer Bit Count and First Transfer Bit (starting with LSB) 


@Received Data Buffer 

The received data buffer SCORXB is the sub-buffer that pushed the received data in the internal shift 
register. After the communication complete interrupt SCOIRQ is generated, data stored in the transmis- 
sion / reception shift register is stored to the received data buffer SCORXB automatically. SCORXB can 
store data up to 1 byte. SCORXB is rewritten in every communication complete, so read data of SCORXB 
till the next receive complete. And before the next data reception is started, the same data to the 
SCORXB can be read, even if the SCOTRB is reading. 

When the SCOSBIS flag of the SCOMD3 register is set to "serial interface input", the SCOTRI flag of the 
SCOMD‘1 register is set to "1" at the same time SCOIRQ is generated. SCOTRI is cleared to "0" when the 
next reception has completed. 


Receive Bit Count and First Transfer Bit 

On reception, when the transfer bit count is 1 bit to 7 bits, the data reading method from the received data 
buffer SCORXB is different depending on the first transfer bit selection. At MSB first, data are read from 
the lower bits of SCORXB. When there are 6 bits to be transferred, as shown on figure 10-3-2-1, if data 
"F" to "A" are stored to bpO to bp5 of SCORXB. Also, data are read as the same way. At LSB first, data 
are read from the upper bits of SCORXB. When there are 6 bits to be transferred, as shown on figure 10- 
3-2-2, if data "A" to "F" are stored to bp0O to bp5 of SCORXB. But their order is changed in the SWAP 
circuit, and reading is started from the upper bits. 
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SCORXB F E D C B A 





Figure 10-3-2-1 Receive Bit Count and Transfer First Bit (starting with MSB bit) 





SCORXB A B C D E F 



































Data is read F E D C B A 
































Figure 10-3-2-2 Receive Bit Count and Transfer First Bit (starting with LSB bit) 


B|nput Edge / Output Edge Setup 

The SCOCE1 to 0 flag of the SCOMDO register set an output edge of the transmission data, an input edge 
of the reception data. As the SCOCE1 flag = "0", the transmission data is output at the falling edge, and 
as "1", output at the rising edge. As SCOCEO="0", the reception data is stored at the inversion edge to the 
output edge of transmission data, and as "1", stored at the same edge. 


Table 10-3-2 Input Edge and Output Edge of Transmission Reception Data 




















SCOCEO|SCOCE1} Reception data input edge Transmission data output edge 
0 0 A Y 
0 1 Y A 
1 0 y y 
1 1 4 A 
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™Clock Setup 
The clock source can be selected from the internal clock or the external clock. Here is the internal clock 


source that can be set by the SCOCK1 to 0 register of the SCOMD1 register. Also, the internal clock can 
be divided by 8, by setting the SCOCKM flag of the SCOMD1 register to "1". 


Table 10-3-3 Synchronous Serial Interface Internal Clock Source 





Serial interface 0 











fs/2 
Clock source ts/4 
(internal clock) fs/16 








Timer 3 output 








Data Input Pin Setup 

3 channels type (clock pin (SBTO pin), data output pin (SBOO pin), data input pin (SBIO pin)) or 2 chan- 
nels type (clock pin (SBTO pin), data I/O pin (SBOO pin)) can be selected as the communication. SBIO pin 
can be used for only serial data input. SBOO pin can be used for serial data input or output. The SCOIOM 
flag of the SCOMDS3 register can select if the serial data is input from SBIO pin or SBOO pin. When "data 
input from SBOO pin" is selected to set the 2 channels type, the PODIRO flag of the PODIR register 
controls direction of SBOO pin to switch transmission / reception. At that time, SBIO pin is free to be used 


as a general port. 


At reception, if SCOIOM of the SCOMD3 register is set to "1" and "serial data input from 
SBO0" is selected, SBIO pin is used as a general port. 
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BBUSY Flag 


When the activation factor is generated, shown in table 10-3-1, and the serial interface communication is 
started, the BUSY flag SCOBSY of the SCOCTR register is set to "1". That is cleared to "0" when the 


communication complete interrupt SCOIRQ is generated. 


Other Control Flag Setup 
Table 10-3-4 shows flags that are not used at clock synchronous communication. So, they need not to be 


set or monitored. 






































Table 10-3-4 Other Control Flag 
Register Flag Detail 
SCOBRKF Brake status reception monitor 
SCOMD1 
SCOERE Error monitor 
SCONPE Parity is enabled 
SCOPM1 to 0 Added bit specification 
SCOMD2 
SCOFM1 to 0 Frame mode specification 
SCOBRKE Brake status transmission control 
SCOORE Overrun error detection 
SCOCTR SCOPEK Parity error detection 
SCOFEF Frame error detection 








X-18 Operation 





Chapter 10 Serial Interface 0 


Transmission Timing 


Tc/2<ts<Tc 
ts Tc 
Clock 
(SBTO pin) 
Output data 
(SBOO pin) 


Start condition is enabled 


Output data 
(SBOO pin) 
Start condition is disabled 


Transfer bit counter 
(SCOLNG2 to 0) 








SCOBSY 


Interrupt 
(SCOIRQ) 





a 
Write data SCOBSY is "1" on clock input at slave transmission 
to SCOTRB_ without start condition. 


Figure 10-3-3 Transmission Timing (falling edge) 


Tc/2<ts<Tc 


ts Tc 
=.—¥___ = —_ 


Clock 
(SBTO pin) 


Output data 
(SBOO pin) 
Start condition is enabled 


Output data 
(SBOO pin) 
Start condition is disabled 


Transfer bit counter 
(SCOLNG2 to 0) 








SCOBSY 


Interrupt 
(SCOIRQ) 





A A 
Write data SCOBSY is "1" on clock input at slave transmission 
to SCOTRB without start condition. 


Figure 10-3-4 Transmission Timing (rising edge) 
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@Reception Timing 


Clock 
(SBTO pin) 


Input data 
(SBIO pin) 


Transfer bit counter 
(SCOLNG2 to 0) 








SCOBSY 


Interrupt 
(SCOIRQ) 





A 
Input start condition 


Figure 10-3-5 Reception Timing (rising edge, start condition is enabled) 


Clock 
(SBTO pin) 


Input data 
(SBIO pin) 


Transfer bit counter 
(SCOLNG2 to 0) 








SCOBSY 


Interrupt 
(SCOIRQ) 





A 
Write dummy data to SCOTRB (at master), 
or clock input (at slave). 


Figure 10-3-6 Reception Timing (rising edge, start condition is disabled) 
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Clock 
(SBTO pin) 


Input data 
(SBIO pin) 


Transfer bit counter 
(SCOLNG2 to 0) 








SCOBSY 


Interrupt 
(SCOIRQ) 





A 
Input start condition. 


Figure 10-3-7 Reception Timing (falling edge, start condition is enabled) 


Clock | [| 
(SBTO pin) : 


Input data 
(SBIO pin) 


Transfer bit counter 
(SCOLNG2 to 0) 








SCOBSY 


Interrupt 
(SCOIRQ) 





A 
Write dummy data to SCOTRB (at master), 
or clock input (at slave). 


Figure 10-3-8 Reception Timing (falling edge, start condition is disabled) 
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Transmission / Reception Simultaneous Timing 
When transmission and reception are operated at the same time, set the SCOCEO to 1 flag of the 


SCOMDO register to "00" or "01". Data is received at the opposite edge of the transmission clock, so that 
the reception clock should be the opposite edge of the transmission clock from the other side. 


SBTO pin 






Data is received at the rising edge of clock. 


SBIO pin 


Data is output at the falling edge of clock. 


Figure 10-3-9 Transmission / Reception Timing 
(Reception : rising edge, Transmission : falling edge) 
(SCOCEO = 0, SCOCE1 = 0) 


SBTO pin 






Data is received at the falling edge of clock. 


SBIO pin 


Data is output at the rising edge of clock. 


SBOO pin 


Figure 10-3-10 Transmission / Reception Timing 
(Reception : falling edge, Transmission : rising edge) 
(SCOCEO = 0, SCOCE1 = 1) 
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Table 10-3-5 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, 


SBTO pin) at transmission. 
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Table 10-3-5 Setup for Synchronous Serial Interface Pin (3 channels, at transmission) 
Data output pin Data input pin Clock VO pin 
SBTO pin 
Setup item ; ; 
SBO0 pin SBIO pin Internal clock External clock 
(master communication) (slave communication) 
Pin POO PO1 P02 
SBIO / SBOO independent 
SBI0 / SBOO pin 5 
SCOMD3(SCOIOM) 
Serial data output "{" input Serial clock VO Port 
Function 
SCOMD3(SCOSBOS) SCOMD3(SCOSBIS) SCOMD3(SCOSBTS) 
Push-pull / Push-pull / Push-pull / 
Style Nch open-drain 7 Nch open-drain Nch open-drain 
SCOOMD3(SCOSBOM) SCOMD3(SCOSBTM) 
ie Output mode Output mode Input mode 
PODIR(PODIRO) PODIR(PODIR2) 
Sai Added / Not added Added / Not added Added / Not added 
ull-up : 
POPLU(POPLUO) POPLU(POPLU2) 

















Pins Setup (3 channels, at reception) 


Table 10-3-6 shows the setup for synchronous serial interface pin with 3 channels (SBOO pin, SBIO pin, 


SBTO pin at reception). 


Table 10-3-6 Setup for Synchronous Serial Interface Pin (3 channels, at reception) 
























































Data output pin Data input pin Clock VO pin 
Setup item ; SBTO pin 
SBO0 pin SBI0 pin Internal clock External clock 
(master communication) (slave communication) 
Pin Poo PO1 P02 
SBIO / SBOO independent 
SBI0 / SBOO pin 
SCOMD3(SCOIOM) 
Port Serial data input Serial clock VO Port 
Function 
SCOMD3(SCOSBOS) | SCOMD3(SCOSBIS) SCOMD3(SCOSBTS) 
Push-pull / Push-pull / 
Style 5 Nch open-drain Nch open-drain 
SCOMD3(SCOSBTM) 
6 Input mode Output mode Input mode 
PODIR(PODIR1) PODIR(PODIR2) 
aa Added / Not added Added / Not added Added / Not added 
ull-up - 
POPLU(POPLU1) POPLU(POPLU2) 
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Pins Setup (3 channels, at transmission / reception) 


Table 10-3-7 shows the setup for synchronous serial interface pin with 3 lines (SBOO pin, SBIO pin, SBTO 


pin) at transmission / reception. 


(3 channels, at transmission / reception) 


Table 10-3-7 Setup for Synchronous Serial Interface Pin 




































































Data output pin Data input pin Clock VO pin 
Setup item SBTO pin 
SBO0 pin SB\0 pin Internal clock External clock 
(master communication) (slave communication) 
Pin Poo P01 P02 
SBIO / SBOO independent 
SBI0 / SBOO pin : 
SCOMD3(SCOIOM) 
ee Serial data output Serial data input Serial clock VO Port 
unction 
SCOMD3(SCOSBOS) | SCOMD3(SCOSBIS) SCOMD3(SCOSBTS) 
Push-pull / Push-pull / Push-pull / 
Style Nch open-drain . Nch open-drain Nch open-drain 
SCOMD3(SCOSBOM) SCOMD3(SCOSBTM) 
" Output mode Input mode Output mode Input mode 
PODIR(PODIRO) PODIR(PODIR1) PODIR(PODIR2) 
sal Added / Not added Added / Not added Added / Not added Added / Not added 
ull-up 
POPLU(POPLUO) POPLU(POPLU1) POPLU(POPLU2) 





Pins Setup (2 channels, at transmission) 


Table 10-3-8 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO pin) 


at transmission. SBIO pin can be used as a general port. 


Table 10-3-8 Setup for Synchronous Serial Interface Pin (2 channels, at transmission) 










































































Data VO pin Serial unused pin Clock VO pin 
Setup item SBT1 pin 
SBO0 pin SBI pin Internal clock External clock 
(master communication) (slave communication) 
Pin POO PO1 P02 
SBI0 / SBOO connected 
SBI0 / SBOO pin - 
SCOMD3(SCOIOM) 
Serial data output "1" input Serial clock VO Port 
Function 
SCOMD3(SCOSBOS) | SCOMD3(SCOSBIS) SCOMD3(SCOSBTS) 
Push-pull / Push-pull / Push-pull / 
Stype Nch open-drain : Nch open-drain Nch open-drain 
SCOMD3(SCOSBOM) SCOMD3(SCOSBTM) 
ve Output mode Output mode Input mode 
PODIR(PODIRO) PODIR(PODIR2) 
ni Added / Not added Added / Not added Added / Not added 
ull-up - 
POPLU(POPLUO) POPLU(POPLU2) 
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Pins Setup (2 channels, at reception) 
Table 10-3-9 shows the setup for synchronous serial interface pin with 2 channels (SBOO pin, SBTO pin) 
at reception. SBIO pin can be used as a general port. 


Table 10-3-9 Setup for Synchronous Serial Interface Pin (2 channels, at reception) 










































































Data VO pin Serial unused pin Clock VO pin 
Setup item ; SBTO pin 
SBOO pin SBI pin Internal clock External clock 
(master communication) (slave communication) 
Pin Poo P01 P02 
SBIO / SBOO connected 
SBI0 / SBOO pin 2 
SCOMD3(SCOIOM) 
Port Serial data input Serial clock VO Port 
Function SCOMD3 SCOMD3 
(SCOSBOS) (SCOSBIS) SUaMEESCOSETS) 
Push-pull / Push-pull / 
Style - Nch open-drain Nch open-drain 
SCOMD3(SCOSBTM) 
Input mode Output mode Input mode 
PODIR(PODIRO) PODIR(PODIR2) 
— Added / Not added Added / Not added Added / Not added 
ull-up - 
POPLU(POPLUO) POPLU(POPLU2) 
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10-3-2 Setup Example 


Transmission / Reception Setup Example 
The setup example for clock synchronous serial interface communication with serial interface 0 is 
shown. Table 10-3-10 shows the conditions at transmission / reception. 


Table 10-3-10 Setup Examples for Synchronous Serial Interface Transmission / Reception 









































Setup item set to Setup item set to 
: Independent 
SBIO / SBOO pin (with 3 channels) Clock source fs/2 
Transfer bit count 8 bits Clock source 1/8 dividing not divided by 8 
Start condition none SBTO / SBOO pin style Nch open-drain 
First transfer bit MSB SBTO pin pull-up resistor Not added 
: SBOO pin pull-up resistor Not added 
Input clock edge falling edge : ; 
SBIO pin pull-up resistor Added 
a Serial 0 communication 
Output clock edge rising edge complete interrupt Enable 
Internal clock 
Clock (master 
communication) 











An example setup procedure, with a description of each step is shown below. 

















Setup Procedure Description 
(1) Select the clock synchronous serial (1) Set the SCOCMD flag of the serial interface 0 
interface. control register (SCOCTR) to "0" to select the 
SCOCTR (x'3F54') clock synchronous serial interface. 
bp6 : SCOCMD =0 
(2) Set the SCOMDO register. (2) Set the SCOLNG2-0 flag of the serial interface 
Select the transfer bit count 0 mode register 0 (SCOMDO) to "000" to set 
SCOMDO (x'3F50') the transfer bit to 8 bits. 
bp2-0 : SCOLNG2-0 = 000 
Select the start condition. Set the SCOSTE flag of the SCOMDO register 
SCOMDO (x'3F50') to "0" to disable start condition. 
bp3 : SCOSTE =0 
Select the first bit to be transferred. Set the SCODIR flag of the SCOMDO register to 
SCOMDO (x'3F50') "0" to set MSB as a transfer first bit. 
bp4 : SCODIR =0 
Select the transfer edge. Set the SCOCEO, 1 flag of the SCOMDO 
SCOMDO (x'3F50') register to "0, 1" to set the transmission data 
bp6 : SCOCEO =0 output edge "rising" and the received data 
bp5 : SCOCE1 = 1 input edge "falling". 
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Setup Procedure 


Description 








(3) Select the clock source. 
SCOMD1 (x'3F51') 
bp4-3 : SCOCK1-0 
bp5 : SCOCKM 


(4) Select the transfer clock. 
SCOMD3 (x'3F53') 
bpO : SCOBTS 


(5) Control the pin type. 
SCOMD3 (x'3F53’) 


bp4-3 

bp5 : SCOIOM 
POPLU (x'3F40') 

bp2-0 : POPLU2-0 


(6) Control the pin direction. 
PODIR (x'3F30') 
bp2-0 : PODIR2-0 


(7) Control the pin function. 
SCOMD3 (x'3F53’) 
bp2 : SCOSBOS 
bp1 : SCOSBIS 


(8) Set the interrupt level. 
SCOICR (x'3FF8') 
bp7-6 : SCOLV1-0 


(9) Enable the interrupt. 
SCOICR (x'3FF8') 
bp1 : SCOIE 


: SCOSBOM, SCOSBTM 


=11 
=0 


= 010 


= 101 


= 10 





(3) 


Set the SCOCK1-0 flag of the SCOMD1 register to 
"00" to select the clock source "fs/2". 

Set the SCOCKM flag to "0" to select not to divide 
the clock source by 1/8. 


Set the SCOSBTS flag of the SCOMD3 register to 
"1" to set the SBTO pin to serial interface clock I/O 
pin. The communication is used with the internal 
clock (master communication). 


Set the SCOSBOM, SCOSBTM flag of the 
SCOMDS register to "11" to select the SBOO/ 
SBTO pin to "N-ch open drain". Set the SCOIOM 
flag to "0" to set "input serial data from the SBIO 
pin". Set the POPLU2-0 flag of the POPLU 
register to "010" to select "add pull-up resistor 
only to the SBIO pin. 


Set the PODIR2-0 flag of the port 0 pin direction 
control register (PODIR) to "101" to set POO and 
P02 to output mode and to set P01 to input mode. 


Set the SCOSBOS, SCOSBIS flag of the SCOMD3 
register to "1" to set SBOO pin "serial data output", 
SBIO pin "serial data input". 


Set the interrupt level by the SCOLV1-0 flag of 
the serial interface 0 interrupt control register 
(SCOICR). 


Set the SCOIE flag of the SCOICR register to "1" to 
enable interrupts. 
If the interrupt request flag (SCOIR of the 
SCOICR register) had already been set, clear 
SCOIR before an interrupt is enabled. 

[a Chapter 3 3-1-4. Interrupt Flag Setup ] 
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Setup Procedure Description 
(10) Start serial interface transmission. (10) Set the transmission data to the serial interface 0 
Transmission data>SCOTRB (x'3F55') transmission / reception shift register (SCOTRB). 
Reception data—input to SBIO pin. Then, an internal clock is generated to start 


transmission / reception. After the transmission 
has finished, serial interface 0 interrupt SCOIRQ 
is generated. 














Note : In (2), each settings can be set at once. 





When only reception with 3 channels is operated, set SCOSBOS of the SCOMD3 register to 
"0" and select a port. The SBOO pin can be used as a general port. 








When SBOO0 / SBIO pin are connected for communication with 2 lines, the SBOO pin inputs / 
outputs serial data. The port direction control register PODIR switches input / output. At re- 
ception, set SCOSBIS of the SCOMD3 register to "1", always, to select "serial data input". The 
SBIO pin can be used as a general port. 


= = 








If the SCOIOM flag of the SCOMDS3 register is set to "1", the SBIO pin can be used as port. 
When the SBOO pin is input mode, reception is operated, and when it is output mode, trans- 
mission is operated. 


= 








When the register except the SCOTRB is written or rewritten, set the SCOSBOS, SCOSBIS 
flag to "0". 


F 
— 











When the internal clock is used as clock source, write dummy data to the SCOTRB register 
after setting the SCOSBIS flag and the SCOSBOS flag of the SCOMDS3 register to "1". Even if 
the reception is operated again, write dummy data to the SCOTRB register. 








= 
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Serial interface 0 can be used for half-duplex UART communication. Table 10-3-11 shows UART serial 


interface functions. 


Table 10-3-11 


UART Serial Interface Functions 





Communication style 


UART(Half-duplex) 














Interrupt SCOIRQ(transmission, reception) 
. TXD (output, input) 
Used pins RXD (input) 
First transfer bit MSB/LSB 
Parity bit selection V 
0 parity 
: : 1 parity 
Parity bit control odd parity 
even parity 








Frame selection 


Maximum transfer rate 





7 bits + 1 stop 
7 bits + 2 stops 
8 bits + 1 stop 
8 bits + 2 stops 


625 kbps 
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Selection of Half-duplex UART Serial Interface 
When the serial interface 0 is used as half-duplex UART serial interface, set the SCOCMD flag of the 
serial interface 0 control register (SCOCTR) to "1". 


Activation Factor for Communication 

At transmission, if any data is written to the transmission / reception shift register SCOTRB, a start bit 
(Data is changed from "H" to "L") is generated to start transfer. At reception, if a start bit (Data is changed 
from "H" to "L") is received, communication is started. At reception, if the data length of "L" is longer than 
0.5 bit, that can be regarded as a start bit. 


Transmission 

Data transfer is automatically started by writing data to the transmission / reception shift register 
SCOTRB after setting the SCOSBOS flag of the SCOMD3 register to "1". During transmission, reception 
and start bit input are disabled. 


mReception 

When the SCOSBIS flag of the SCOMDS3 register is set to "1" and a start bit is received, reception is 
started after the transfer bit counter is set as frame mode is specified. During reception, transmission is 
disabled. 


Transfer Bit Count Setup 

The transfer bit count is automatically set after the frame mode is specified by the SCOFM1 to 0 flag of 
the SCOMD2 register. If the SCOCMD flag of the SCOCTR register is set to "1", and UART communica- 
tion is selected, the synchronous serial data transfer bit count selection flag SCOLNG2 to 0 of the 
SCOMDO register is automatically set. 


input Edge / Output Edge Setup 

The SCOCE 1 to 0 flag of the SCOMDO register set an output edge of the transmission data, an input 
edge of the received data. At UART communication, the transfer clock is not necessary, but the 
SCOCE1-0 flag should be set to decide the timing of the data transmission / reception in this serial 
interface. At UART communication, generally, set the SCOCE1-0 flag to "00", the transmission data 
output edge to "falling", and the reception data input edge to "rising". Refer to table 10-3-2 (X-16) for 
Input Edge / Output Edge Setup detail. 


Data Input Pin Setup 

The communication mode can be selected from with 2 channels (data output pin (TXD pin), data input 
pin (RXD pin)), or with 1 channel (data I/O pin TXD pin). The RXD pin can be used only for serial data 
input. The TXD pin can be used for serial data input or output. The SCOIOM flag of the SCOMD3 register 
can specify which pin, RXD or TXD to input the serial data. "Data input from TXD pin" is selected to be 
with 1 channel communication. At switching transmission / reception, TXD pin's direction should be 
controlled by the PODIRO flag of the PODIR register. At that time, the RXD pin is not used, so that it can 
be used as a general port. 
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mFrame Mode and Parity Check Setup 
Figure 10-3-11 shows the data format at VART communication. 


 ——————___— 1 data frame 


parity 
bit 
AL 








character bits Pe 


Figure 10-3-11 UART Serial Interface Transmission / Reception Data Format 


The transmission / reception data consists of start bit, character bit, parity bit and stop bit. 
Table 10-3-12 shows its kinds to be set. 


Table 10-3-12 UART Serial Interface Transmission / Reception Data 














Start bit 1 bit ( must be 'L') 

Character bit 7, 8 bits 

Parity bit fixed to 0, fixed to 1, even, odd, none 
Stop bit 1, 2 bits (noramally 'H') 














The SCOFM1 to 0 flag of the SCOMD2 register sets the frame mode. Table 10-3-13 is shown the UART 
serial interface frame mode setting. If the SCOCMD flag of the SCOCTR register is set to "1", and UART 
communication is selected, the SCOLNG2 to 0 flag of the SCOMDO register is automatically set. 


Table 10-3-13 UART Serial Interface Frame Mode 

















SCOMD2 register 
Frame mode 
SCOFM1 | SCOFMO 
0 0 Character bit 7 bits + Stop bit 1 bit 
0 1 Character bit 7 bits + Stop bit 2 bits 
1 0 Character bit 8 bits + Stop bit 1 bit 
1 1 Character bit 8 bits + Stop bit 2 bits 
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Parity bit is to detect wrong bits with transmission / reception data. 
Table 10-3-14 shows kinds of parity bit. The SCONPE, SCOPM1 to 0 flag of the SCOMD2 register set 























parity bit. 
Table 10-3-14 Parity Bit of UART Serial Interface 
SCOMD2 register 
Parity bit Setup 
SCONPE]| SCOPM1} SCOPMO 
0 0 0 fixed to 0 Set parity bit to "0". 
0 0 1 fixed to 1 Set parity bit to "1". 
. Control the total number of "1" of parity bit and 

0 L 0 ouaipamty character bit should be odd. 
0 { { Susneani Control the total number of "1" of parity bit and 

pay character bit should be even. 
1 - - none Do not add parity bit. 




















Break Status Transmission Control Setup 
The SCOBRKE flag of the SCOMD2 register generates the break status. If SCOBRKE is set to "1" to 
select the break transmission, all bits from start bits to stop bits transfer "O". 


@Reception Error 


At reception , there are 3 types of error ; overrun error, parity error and framing error. Reception error can 
be determined by the SCOORE, SCOPEK and SCOFEF flag of the SCOCTR register. Even one of those 
errors is detected, the SCOERE flag of the SCOMD1 register is set to "1". The reception error flag is 
renewed at generation of the reception complete interrupt SCOIRQ. The judgement of the received error 
flag should be operated until the next communication has finished. The communication operation does 
not have any effect on those error flags. Table 10-3-15 shows the list of reception error source. 


Table 10-3-15 Reception Error Source of UART Serial Interface 





Flag 


Error 


Error source 





SCOORE 


Overrun error 


Next data is received before reading the receive buffer. 





SCOPEK 


Parity error 











at fixed to 0 when parity bit is "1" 
at fixed to 1 when parity bit is "0" 
odd parity The total of "1" of parity bit and character bit 
is even. 
. The total of "1" of parity bit and character bit 
even parity ised 








SCOFEF 





Framing error 


Stop bit ('H') is not detected. 
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mJudgement of Break Status Reception 

Reception at break status can be judged. If all received data from start bit to stop bit is "0", the SCOBRKF 
flag of the SCOMD1 register is set and regard the break status. The SCOBRKF flag is set at generation 
of the reception complete interrupt SCOIRQ. 


Selection of Start Condition 

The SCOSTE flag of the SCOMDO register is originally to select start condition of the synchronous serial 
data communication. When serial interface 0 is used as half-duplex UART serial interface, set the 
SCOSTE flag always to "0" to prevent the following errors. 


< Caution > 


At UART communication, set the SCOSTE flag of the SCOMD register to "0". 





< Error > 
At UART transmission, when the SCOSTE flag is "1", start bit becomes "H" at the 2nd trans- 
mission and after. 


[ At synchronous serial data transmission (as the SCOSTE flag = 1) ] 


High level after transmission 


Normal operation 
at synchronous mode 









Start 
condition 





P00/SBOO/TXD 









Shift register output 


POO'H' output control 








Source clock 
(fs/2, fs/4, fs/16, Timer 3 output) 











Transfer clock 




















[ At UART transmission (as the SCOSTE flag = 1) ] 


Error operation 
at UART mode 





P00/SBO0/TXD \ y Stop fit \ Start bit 








Shift register output A J \ 








POO'H' output control | 








UART clock 





























Transfer clock 














Operation X - 33 


Chapter 10 Serial Interface 0 


Other Control Flags 
The following flags need not to be set at VART communication. 


Table 10-3-16 Other Control Flags 














Register Flag Detail 
SCOMDO SCOLNG2 to 0 Selection ot the transfer bit count (automatically set) 
SCOMD1 SCOCKM Selection of the 1/8 division (automatically set) 
SCOSBTS Selection of the SBT pin's function 
SCOMD3 
SCOSBTM Selection of the SBT pin's style 

















The following items are the same to clock synchronous serial interface. 
Reference as follows ; 


BFirst Transfer Bit Setup 
Refer to : X-13 


@ Transfer Bit Count and First Transfer Bit 
Refer to : X-15 


@Received Data Buffer 
Refer to : X-15 


@Receive Bit Count and First Transfer Bit 
Refer to : X-15 


BBUSY Flag Operation 
Refer to : X-18 
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Transmission Timing 





ity:] Stop : Stop : 
bit . bit | 





TXD pin 





SCOBSY 


Interrupt 
(SCOIRQ) 





Figure 10-3-12 Transmission Timing (parity bit is enabled) 


: Stop : 
bit 





TXD pin 





SCOBSY 


Interrupt 
(SCOIRQ) 





Figure 10-3-13 Transmission Timing (parity bit is disabled) 
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@Reception Timing 





ity :[Stop : Stop : 
y bit : bit | 





RXD pin 





SCOBSY 


Interrupt 
(SCOIRQ) 





Figure 10-3-14 Reception Timing (parity bit is enabled) 


Stop : Stop | 
bit; bit 





RXD pin 





SCOBSY 


Interrupt 
(SCOIRQ) 





Figure 10-3-15 Reception Timing (parity bit is disabled) 
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mSequence Communication 


bit Y : 4 ' 





1'st reception 2'nd reception 







bit = 


UART interrupt! 
signal 








< 2'nd reception is disabled 


On the above sequence communication, this UART cannot regard start bit when the "H" 
period of the interrupt signal generated inside at reception complete and the falling edge of 
start bit input from the RXD pin are happened at the same time (1 machine cycle). 
Therefore, from the 2nd reception, the operation cannot be properly executed. 


To prevent this, the reception interrupt signal and the falling edge of the start bit should not be 
happened at the same time. 
There are 2 ways to solve it. 


Method 1 (by stop bit) 

Set the stop bit at the transmission side to "2 bits", and set the stop bit at the reception side 
to "1 bit". 

(For parity bit, set the same to both sides of the reception and transmission.) 


Method 2 (by parity bit) 

Set the transmission parity bit to "always 1", and set the reception parity bit to "none". 

(For stop bit, set the same to both sides of the reception and transmission. At the reception, 
parity bit is regarded as one of stop bit.) 


This error can be prevented if one of the above methods can be enabled. 
Both methods do not depend on the combination of the oscillation frequency and the baud 
rate timer setup. 











Operation X - 37 


Chapter 10 Serial Interface 0 


Transfer Rate 

Baud rate timer (timer 3) can set any transfer rate. 

Table 10-3-17 shows the setup example of the transfer rate. For detail of the baud rate timer setup, refer 
to chapter 5. 5-8 serial interface transfer clock output operation. 


Table 10-3-17 UART Serial Interface Transfer Rate Setup Register 























Setup Register Page 
Serial 0 clock source (timer 3 output) SCOMD1 X-7 
Timer 3 clock source TM3MD V-12 
Timer 3 compare register TM30C V-7 





Timer 3 compare register is set as follows ; 

overflow cycle = (set value of compare register + 1) x timer clock cycle 

baud rate = 1 / (overflow cycle x 2 x 8) ("8" means that clock source is divided by 8) 
Therefore, 

set value of compare register = timer clock frequency / (baud rate x 2 x 8) - 1 


For example, if baud rate should be 300 bps at timer 3 clock source fs/4 (fosc = 8 MHz, fs = fosc/2), set 
value should be as follows ; 
Set value of compare register = (8 x 10°/ 2/4) / (300 x 2 x 8) - 1 

= 207 

= x'CF' 


Timer 3 clock source and the set values of timer 3 compare register at the standard transfer rate are 
shown on the following page. 





| At UART communication, "clock source is divided by 8" is selected, regardless of the setup 
- for the SCOCKM flag of the SCOMD1 register. 
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Table 10-3-18 UART Serial Interface Transfer Rate and Timer 3 Compare Register (decimal) 





Transfer Rate (bps) 


fosc Clock source 300 1200 2400 4800 9600 19200 

(MHz) | (timer 3) | Set value | Calculated Value} Set value | Calculated Value | Set value | Calculated Value | Set value | Calculated Value | Set value |Calculated Value | Set value | Calculated Value 
4.00 osc : = 207 1202 103 2403 51 4807 25 9615 12 19230 
s/4 103 300 - - - - - - - - - - 
s/16 - - - - - - - - - : 
4.19 ‘osc : = 217 1201 108 2402 54 4762 26 9699 a - 
s/4 108 300 - - - - - - - - - - 
s/16 7 - - - - - - - - - - 
8.00 osc 5 - - - 207 2404 103 4807 51 9615 25 19230 
s/4 207 300 51 1201 = 5 - - - - - - 
3/16 : : 5 5 : - : : : : - - 
8.38 osc = = - - 217 2403 108 4805 54 9523 26 19398 
s/4 217 300 54 1190 - = - - - - = - 
s/16 = = - - - - - - 
12.00 osc % : - a - : 155 1808 77 9615 38 19230 
s/4 = = 77 1202 38 2403 : 2 - - = - 
3/16 77 300 - - - - - - - - - - 
16.00 ‘osc - - - - - - 207 4808 103 9615 51 19230 
s/4 3 5 103 1202 51 2404 = : : - = 7 
s/16 103 300 - - - - - - - - - - 
16.76 ‘osc : : : - : : 217 4805 108 9610 54 19045 
s/4 5 5 108 1201 54 2381 = S : - - - 
s/16 108 300 - - - - - - - - * - 
20.00 OSC : 5 = - : : = : 129 9615 64 19231 
s/4 - - 129 1202 64 2404 32 4735 7 7 = : 
s/16 129 300 - - - - - - - - - - 
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Pin Setup (1, 2 channels, at transmission) 

Table 10-3-19 shows the pins setup at UART serial interface transmission. The pins setup is common to 
the TXD pin, RXD pin, regardless of those pins are independent / connected. The RXD pin can be used 
as general port (P01). 


Table 10-3-19 UART Serial Interface Pin Setup (1, 2 channels, at transmission) 









































Data output pin Data input pin 
Setup item 
TXD pin RXD pin 
Pin Poo P01 
TXD / RXD pins connected or independe 
TXD / RXD pins 
SCOMD3(SCOIOM) 
Serial data output "{" input 
Function 
SCOMD3(SCOSBOS) |SCOMD3(SCOSBIS) 
Push-pull / 
Style Nch open-drain 7 
SCOMD3(SCOSBOM) 
Output mode 
vO : 
PODIR(PODIRO) 
Added / Not added 
Pul-up - 
POPLU(POPLUO) 











Pin Setup (2 channels, at reception) 
Table 10-3-20 shows the pins setup at UART serial interface reception with 2 channels (TXD pin, RXD 
pin). The TXD pin can be used as general port (POO). 


Table 10-3-20 UART Serial Interface Pin Setup (2 channels, at reception) 









































Data output pin Data input pin 
Setup item 
TXD pin RXD pin 
Pin Poo P01 
TXD / RXD pins independent 
TXD / RXD pin 
SCOMD3(SCOIOM) 
port serial data input 
Function 
SCOMD3(SCOSBOS) | SCOMD3(SCOSBIS) 
Style - - 
- input mode 
vO 
- PODIR(PODIR1) 
added / not added 
Pull-up - 
POPLU(POPLU1) 
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Pin Setup (1 channel, at reception) 
Table 10-3-21 shows the pin setup at UART serial interface reception with 1 channel (TXD pin). The RXD 
pin can be used as general port (P01). 


Table 10-3-21 UART Serial Interface Pin Setup (1 channel, at reception) 












































Data output pin Serial unused pin 
Setup item 
TXD pin RXD pin 
Pin POO P01 
TXD / RXD pins connected 
TXD / RXD pin 
SCOMD3(SCOIOM) 
Port Serial data input 
Function 
SCOMD3(SCOSBOS) | SCOMD3(SCOSBIS) 
Style - - 
Input mode - 
vO 
PODIR(PODIRO) - 
added / not added 
Pull-up - 
POPLU(POPLUO) 
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10-3-4 Setup Example 


Transmission Setup 
The setup example at UART transmission with serial interface 0 is shown. 


Table 10-3-22 shows the conditions at transmission. 


Table 10-3-22 UART Interface Transmission Setup 





Setup item 


set to 





TXD / RXD pin 


connected (with 1 channel) 





Frame mode specification 


8 bits + 2 stop bits 





First transfer bit 


MSB 





Clock source 


timer 3 output 

















TXD pin type Nch open-drain 
Pull-up resistor of TXD pin not added 
Parity bit add / check "O"add / check 
Serial interface 0 interrupt Enable. 











An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Select the UART communication. 
SCOCTR (x'3F54') 
bp6 : SCOCMD =1 


Select the first bit to be transferred. 
SCOMDO (x'3F50') 
bp4 : SCODIR =0 


Select the start condition. 
SCOMDO (x'3F50') 
bp3 : SCOSTE =0 


Select the clock source. 
SCOMD1 (x'3F51') 
bp4-3 : SCOCK1-0 =11 


Select the parity bit. 
SCOMD2 (x'3F52') 
bp0 : SCONPE =0 
bp2-1:SCOPM1-0 =00 





Set the SCOCMD flag of the SCOCTR register to 
"1" to select the UART communication. 


Select MSB as first transfer bit by the SCODIR 
flag of the SCOMDO register. 


Set the SCOSTE flag of the SCOMDO register 
to disable start condition. 
[« X-33 mSelection of Start Condition ] 


Set the SCOCK1-0 flag to select timer 3 output 
as a clock source. 


Set the SCONPE flag of the SCOMD2 register to 
select "parity is enabled", and set the SCOPM1- 
0 flag to select "0 added”. 
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Setup Procedure 


Description 








(6) Specify the flame mode. 
SCOMD2 (x'3F52') 
bp4-3 : SCOFM1-0 =11 


(7) Control the output data. 
SCOMD2 (x'3F52') 
bp5 : SCOBRKE =0 


(8) Control the pin type. 
SCOMD3 (x'3F53’) 


bp4 : SCOSBOM = 1 
POPLU (x'3F40') 
bp0 : POPLUO =0 


(9) Select the reception mode. 
SCOMD3 (x'3F53’) 
bp5 : SCOIOM = 1 


(10) Control the pin direction. 
PODIR (x'3F30') 
bpO : PODIRO =1 


(11) Select the interrupt level. 
SCOICR (x'03FE8') 
bp7-6 : SCOLV1-0 = 10 


(12) Enable the interrupt. 


SCOICR (x'3FE8’) 
bp1 : SCOIE =1 


(13) Set the baud rate timer. 


(14) Set the serial interface communication. 


SCOMDS3 (x'3F53') 
bp2 : SCOSBOS = 1 


(15) Start the serial interface 
communication. 
SCOTRB (x'3F55') 





(6) Set the SCOFM1-0 flag of the SCOMD2 
register to "11" to select 8 bits data + 2 stop 
bits at the frame mode. 


(7) Set the SCOBRKE flag of the SCOMD2 register 
to "0" to select serial data transmission. 


(8) Set the SCOSBOM flag of the SCOMD3 
register to "1" to select N-ch open drain for the 
TXD pin. Set the POPLUO flag of the POPLU 
register to "0" not to add pull-up resistor. 


(9) Set the SCOIOM flag of the SCOMD3 register 
to "1" to set the SBOO to transmission / 
reception port. 


Set the PODIRO flag of the PODIR register 
to "1" to set POO to output mode. 


(10 


= 


(11) Select the interrupt level by the SCOLV1-0 flag 
of the serial interface 0 interrupt control 
register (SCOICR). 

(12) Set the SCOIE flag of the SCOICR register 

to "1" to enable the interrupt request. 

If any interrupt request flag had already been 

set, clear it. 

[« Chapter 3. 3-1-4 Interrupt Flag Setup ] 

Set the baud rate timer by the TM3MD 

register, TM3OC register. And set the TM3EN 

flag to "1" to operate timer 3. 

[ Chapter 5. 5-8 Serial interface transfer clock 

output ] 

Set the SCOSBOS flag of the SCOMD3 

register to "1" to set the serial interface 

communication. 


~— 


(13 


— 


— 
—h 
KR 

~~ 


Set the transfer data to the SCOTRB register. 
And the serial interface communication is 
started. 


(15 


— 
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Only timer 3 can be used as a baud rate timer. 
For baud rate setup, refer to Chapter 5. 5-8 Serial Interface Transfer Clock Output. 








(ma 


Serial interface 0 is operated by setting the SCOSBOS flag or the SCOSBIS flag of the 
SCOMDS3 register to "1". 

The SCOSBOS flag or the SCOSBIS flag should be set after all conditions are set. 

After that, at transmission, the communication is started by writing data to the SCOTRB. 








When a register except the SCOTRB is written / rewritten, set the SCOSBOS, the SCOSBIS 
flag to "0", in advance. 








eS) || 


When the TXD / RXD pin are connected for communication with 1 channel, the TXD pin 
inputs / outputs serial data. The port direction control register PODIR should be set, for 
switching input / output. The RXD pin can be used as a general port. 











When the serial interface port is enabled, if the SCOCE1-0 flag of the SCOMDO register is 
switched, the transfer bit count may be changed. If it is used as half-duplex UART serial 
interface, setting the SCOCE1-0 flag fixed to "00" is recommended. 














After transmission has completed, the TXD pin is "H" level. 








If the frame mode is set by the SCOFM flag of the SCOMD2 register, the SCOLNG2-0 flag of 
the SCOMD0 register is automatically set. 








After the transfer has completed, the transfer bit count in the SCOLNG2-0 flag of the 
SCOMDO register is automatically set. 








fess) | |) || fess) | | ES) 





At UART transmission, set the SCOSBOS flag of the SCOMD3 register to "1", and set the 
SCOSBIS flag to "0". Setting both of flags to "1" is disabled. 
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Reception Setup 
The setup example at UART reception with serial interface 0 is shown. 
Table 10-3-23 shows the conditions at reception. 
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Table 10-3-23 UART Interface Transmission Reception Setup 


Setup item 


set to 





TXD / RXD pi 


n 


connected (with 1 channel) 





Frame mode specification 


8 bits + 2 stop bits 





First transfer bit 


MSB 





Clock source 


timer 3 

















TXD pin type Nch open-drain 
Pull-up resistor of TXD pin added 

Parity bit add / check "O"add / check 
Serial 0 interface interrupt Enable. 











An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Select the UART communication. 


SCOCTR (x'3F54') 
bp6 : SCOCMD 


=1 


Select the first bit to be transferred. 


SCOMDO (x'3F50') 
bp4 : SCODIR 


Select the start condition. 
SCOMDO (x'3F50') 
bp3 : SCOSTE 


Select the clock source. 
SCOMD1 (x'3F51') 
bp4-3 : SCOCK1-0 


Select the parity bit. 
SCOMD2 (x'3F52') 
bp0O : SCONPE 

bp2-1 : SCOPM1-0 


Specify the frame mode. 
SCOMD2 (x'3F52') 
bp4-3 : SCOFM1-0 


Select the reception mode. 
SCOMDS3 (x'3F53’') 
bp5 : SCOIOM 


=0 


=0 


=11 


=0 
= 00 


=11 


=1 





(1) 


Set the SCOCMD flag of the SCOCTR register to 
"1" to select the UART communication. 


Select MSB as first transfer bit by the SCODIR 
flag of the SCOMDO register. 


Set the SCOSTE flag of the SCOMDO register 


to disable start condition. 
[ € X-33 Selection of Start Condition ] 


Set the SCOCK1-0 flag of the SCOMD1 register 
to select timer 3 output as a clock source. 


Set the SCONPE flag of the SCOMD2 register to 
select "parity is enabled", and set the SCOPM1- 
0 flag to select "0 checked". 


Set the SCOFM1-0 flag of the SCOMD2 
register to "11" to select 8 bits data + 2 stop 
bits at the frame mode. 


Set the SCOIOM flag of the SCOMD3 register 
to "1" to set the SBOO to transmission / 
reception port. 
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Setup Procedure 


Description 








(8) Control the pin direction. 
PODIR (x'3F30') 
bpd : PODIRO =0 


(9) Add pull-up resistor to the TXD pin. 
POPLU (x'3F40') 
bp0 : POPLUO = 1 


(10 


— 


Select the interrupt level. 
SCOICR (x'03FE8') 
bp7-6 : SCOLV1-0 = 10 


(11) Enable the interrupt. 


SCOICR (x'3FE8’) 
bp1 : SCOIE =1 


(12) Set the baud rate timer. 


(13) Set the serial interface communication. 


SCOMD3 (x'3F53') 
bp1 : SCOSBIS = 1 


(14) Start the serial interface reception. 
Received data — Input to TXD 


— 


~~ 


~— 


— 


~~ 





Set the PODIRO flag of the PODIR register 
to "0" to set the TXD pin to input mode. 


Set the POPLUO flag of the POPLU register to add 
pull-up resistor to the TXD pin. 


Select the interrupt level by the SCOLV1-0 flag 
of the serial interface 0 interrupt control 
register (SCOICR). 


Set the SCOIE flag of the SCOICR register to "1" 
to enable the interrupt request. 
If any interrupt request flag had already been set, 


clear it. 
[ Chapter 3. 3-1-4 Interrupt Flag Setup ] 


Set the baud rate timer by the TM3MD 
register, TM3OC register. And set the TM3EN 
flag to "1" to operate timer 3. 


Set the SCOSBIS flag of the SCOMD3 register to 
"1" to set the serial interface communication. 


After start bit is received by inputting serial 
interface data from the TXD pin, the received data 
is stored to the serial interface transmission / 
reception shift register (SCOTRB). 

When the reception has completed, the serial 
interface 0 interrupt (SCOIRQ) is generated, 
then, the received data is stored to the received 
buffer (SCORXB). 











When the TXD / RXD pin are connected for communication with 1 channel, the TXD pin 
inputs / outputs serial data. The port direction control register PODIR should be set, for 
switching input / output. At reception, the SCOSBIS flag of the SCOMD3 register should be 
set to "1" and select "serial interface data input". The RXD pin can be used as a general port. 
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(um 


Only timer 3 can be used as a baud rate timer. 
For baud rate setup, refer to Chapter 5. 5-8 Serial Interface Transfer Clock Output. 








(ma 


Serial interface 0 is operated by setting the SCOSBOS flag or the SCOSBIS flag of the 
SCOMDS3 register to "1". 

The SCOSBOS flag or the SCOSBIS flag should be set after all conditions are set. 

After that, at reception, the communication is started by receiving start bit. 








When a register except the SCOTRB is written / rewritten, set the SCOSBOS, the SCOSBIS 
flag of the SCOMD3 register to "0", in advance. 








ora 


When the TXD / RXD pin are connected for communication with 1 channel, the TXD pin 
inputs / outputs serial data. The port direction control register PODIR should be set, for 
switching input / output. The RXD pin can be used as a general port. 











When the serial interface port is enabled, if the SCOCE1-0 flag of the SCOMDO register is 
switched, the transfer bit count may be changed. If it is used as half-duplex UART serial 
interface, setting the SCOCE1-0 flag fixed to "00" is recommended. 








= = 











After reception has completed, the TXD pin is "H" level. 








If the frame mode is set by the SCOFM flag of the SCOMD2 register, the SCOLNG2-0 flag of 
the SCOMDO register is automatically set. 








After the transfer has completed, the transfer bit count in the SCOLNG2-0 flag of the 
SCOMDO register is automatically set. 











= 2 


At UART reception, set the SCOSBIS flag of the SCOMD3 register to "1", and set the 
SCOSBOS flag to "0". Setting both of flags to "1" is disabled. 
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11-1 Overview 


This LSI contains a serial interface 1 can be used for clock synchronous serial interface communication. 
11-1-1 Functions 


Table 11-1-1 shows functions of serial interface 1. 


Table 11-1-1 Serial Interface 1 Functions 





Communication style 


clock synchronous 





























Interrupt SC1IRQ 
Used pins SBO1,SBH,SBT1 
3 channels type V 
2 channels type : 
Selection of start condition V 
Specification of transfer bit count 1 to 8 bits 
Specify of the first transfer bit V 
Specify of input edge / y 
output edge 

fs/2 
Clock source a 


timer 3 output 
external clock 





Maximum transfer rate 





5.0 MHz 





fosc : Machine clock (High speed oscillation) 
fs : System clock (at NORMAL mode : fs=fosc/2 





at SLOW mode : fs=fx/4) 











Set fs/2 as maximum frequency for external clock. 
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11-1-2. Block Diagram 
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11-2 Control Registers 


11-2-1 Registers 


Table 11-2-1 shows registers to control serial interface 1. 


Table 11-2-1 Serial Interface 1 Control Registers 
































Register Address | R/W Function Page 

SC1MDO x'03F57' | R/W |Serial interface 1 mode register 0 XI- 6 

Serial 1 SC1MD1 x'03F58' | R/W |Serial interface 1 mode register 1 XI- 7 
SC1TRB xX'03F59' | R/W [Serial interface 1 transmission / reception shift register XI-5 





R/W : Readable / Writable 
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11-2-2 Data Register 


Serial Interface 1 has a 8-bit data shift register to shift the transmission and reception data. 


Serial Interface 1 Transmission / Reception Shift Register (SC1TRB) 
7 6 5 4 3 2 1 0 




















SC1TRB sorTRa7SorTR sorTRBghCITRBASCYTARBOYTABASO1TABI_SC1TRB (atreset:XXXXXXXX) 





Figure 11-2-1 Serial Interface 1 Transmission / Reception Shift Register 
(SC1TRB : x'03F59", R/W) 
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11-2-3. Mode Registers 


Serial Interface 1 Mode Register 0 (SC1MDO) 
SC1BSY flag is only for reading. 


SC1MDO 


XI-6 


7 6 


5 4 3 2 1 0 








SC1BSY | SC1CE0 | 


SC1CE1 | SC1DIR Isciste Kinz scitNer Keitnon 

















(At reset:000XX000) 











SC1ILNG2}SC1LNG1 


SCiLNGO| Transfer bit count 





8 bits 





7 bits 





6 bits 





5 bits 





4 bits 





3 bits 








2 bits 








-1/O;-+;/oO;-?;/O;-];oO 


1 bit 














SC1ISTE 


Synchronous serial transfer 
start condition selection 





0 


Disable start condition 





1 


Enable start condition 











SC1DIR 


First bit to be transfered 





0 


MSB first 





1 


LSB first 














SC1CE0|SC1CE1 


Transmission data 
output edge 


Reception data 
input edge 





rising falling 





falling rising 





falling falling 





=/3A/o!lo 
-~|oO;-+|/|o 





rising 





rising 











SC1BSY 


Serial but status 





0 


Other use 











Serial transmission inprogress 





Figure 11-2-2 Serial Interface 1 Mode Register 0 (SC1MDO : x'03F57’, R/W) 
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Serial Interface 1 Mode Register 1 (SC1MD1) 


7 6 5 4 3 2 1 0 





SC1MD1 -  18C1SBOM|SC1SBTM|SC1SBOS|SC1SBIS |SC1SBTS | SC1CK1 | SC1CKO (At reset :-0000000) 






































$C1CK1|SC1CKO0} Clock source 














0 
0 fs/2 
1 fs/8 
0 fs/64 
| 1 Timer 3 output 

















SC1SBTS SBT1 pin function selection 





0 Port 
1 Serial interface clock pin 

















SC1SBIS SBI1 input control 
(reception enable flag) 


0 "O" input 
1 Serial interface input 


SBO1 pin function selection 
































eGlenvs (transmission enable flag) 
0 Port 
1 Serial interface communication 











SC1SBTM SBT1 pin configuration 








0 Push pull output 
1 N-ch open drain output 

















SC1SBOM SBT1 pin configuration 





0 Push pull output 
1 N-ch open drain output 


Clock source can be set as external clock 
by setting the SBT1 pin to input mode. 

















Figure 11-2-3 Serial Interface 1 Mode Register 1 (SC1MD1 : x'03F58', R/W) 
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11-3 Operation 


Serial Interface 1 can be used for clock synchronous serial interface. 


11-3-1 Clock Synchronous Serial Interface 


Activation Factor for Communication 

Table 11-3-1 shows activation factors for communication. At master, the transfer clock is generated by 
setting data to the transmission / reception shift register SC1TRB, or by receiving a start condition. At 
slave, input an external clock, or input an external clock after a start condition is input. 


Table 11-3-1 Synchronous Serial Interface Activation Factor 



































4 ae n 
Operation mode Activation Factor Seque ie 
communication 
Master Start condition is enabled Writing data to serial buffer v 
communication | start condition is disabled Writing data to serial buffer Vv 
Transmission 
Slave Start condition is enabled Clock reception V 
communication | start condition is disabled Clock reception Vv 
Master Start condition is enabled Start condition is received V 
communication | start condition is disabled Writing data to serial buffer - 
Reception 
Slave Start condition is enabled Start condition is received 
communication | start condition is disabled Clock reception V 




















* When the SC1SBOS flag of the serial interface 1 mode register 1 (SC1MD1) is "1", start condition 
is output by writing the transmission data to the transmission / reception shift register SC1TRB, then 
the transmission is started by the slave clock. 





When synchronous serial interface is used for master clock reception, it is necessary to write 
dummy data to the transmission / reception shift register (SC1TRB) for starting master clock. 
Automatic sequence reception with automatic data transfer can not be used, because it is 


necessary to write dummy data to serial interface buffer and to read reception data per a 
frame reception. 
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Serial data communication of serial interface 1 can be available by setting the SC1SBOS flag 
or the SC1SBIS flag of the SC1MD1 register to "1". The SC1SBOS flag or the SC1SBIS flag 


should be set to "1" after all conditions are set. 








the SC1SBIS flag or the SC1SBOS flag of the SC1MD1 register is set to "1". But, at the slave 
communication, the SC1SBTS flag need not to be set to "1". 





1 On the master communication of the clock synchronous, set the SC1SBTS flag to "1" before 
< 








Transfer Bit Count 
The transfer bit count is selected from 1 bit to 8 bits. Set it by the SC1LNG 2 to 0 flag of the SC1MDO 


register (at reset : 000). 





© 
Gd The SC1LNG2 to 0 flags change at the opposite edge of the transmission data output edge. 











© After the transfer has completed, the transfer bit count in the SC1LNG2 to 0 flags of the 
Gd SC1MDO register is changed. Except in an 8-bit transfer, reset the transfer bit count at the 
time of the next transmission. 








SC1CE1 to 0 flags of the SC1MDO register are changed, the transfer bit count in the 
SC1LNG2 to 0 flags of the SC1MDO register may be incremented. 








1 When the SC1SBOS flag or the SC1SBIS flag of the SC1MD1 register to "1" and the 
(a 





Start Condition Setup 

Wether or not the start condition is set is controlled by the SC1STE flag of the SC1MDO register. If a start 
condition is enabled, and it is being set, a bit counter is cleared to start the communication. After the 
SC1CE1 flag of the SC1MDO0 register is cleared to "0", the start condition is received when a data line 
(SBI1 pin) is changed from "H" to "L" as a clock line (SBT1 pin) is "H". Also, the SC1CE1 flag is set to "1", 
that is received when a data line (SBI1 pin) is changed from "H" to "L" as a clock line (SBT1 pin) is "L". 


a Enabling the start condition drives the SBO1 pin high level for a fixed time interval (1/2 the 
Gd clock source cycle) after the transmission has completed. If the start condition is disabled, 


the SBO1 pin will remain at the level of the last data bit. 














a If the start condition is enabled, the SC1LNG2 to 0 flags of the SC1MDO register will be 
Gd cleared when the start condition is received. In this case, the receive bit count is fixed at 8 


bits. 











Operation XI -9 


Chapter 11 Serial Interface 1 


BFirst Transfer Bit Setup 
Either MSB or LSB can be selected as a first transfer bit by the SC1DIR flag of the SC1MDO register. 


™Transmission / Reception Data Buffer 

The transmission reception shift register, SC1TRB is used as the data register for transmission and 
reception. Data to be transferred should be set to the SC1TRB. The data is output in sync with the 
transfer clock and is stored to the SC1TRB bit by bit. 








ister to "0" and then set the SC1SBIS flag to "1". Do not change both of these flags at the 


Ca When switching from transmission to reception, set the SC1SBOS flag of the SC1MD1 reg- 
—— same time. 








ter to "0" and then set the SC1SBOS flag to "1". Do not change both of these flags at the 
same time. 





[?] When switching from reception to transmission, set the SC1SBIS flag of the SC1MD1 regis- 














@Tranfer Bit Count and First Transfer Bit 

On transmission, when the transfer bit is 1 bit to 7 bits, the data storing method to the transmission / 
reception shift register SC1TRB is different, depending on the first transfer bit selection. At MSB first, 
use the upper bits of SC1TRB. When there are 6 bits to be transferred, as shown on figure 11-3-1-1, if 
data "A" to "F" are stored to bp2 to bp7 of SC1TRB, the transmission is started from "F" to "A". At LSB 
first, use the lower bits on the program. When there are 6 bits to be transferred, as shown on figure 11- 
3-1-2, if data "A" to "F" are stored to bp0 to bp5 on the program, the transmission is started from "A" to 
"F", because their order is changed in the SWAP circuit. 





SC1TRB F E D C B A 





























Figure 11-3-1-1 Transfer Bit Count and First Transfer Bit (starting with MSB) 





Setting on program F E D C B A 





SC1TRB A B C D E F 
































Figure 11-3-1-2 Transfer Bit Count and First Transfer Bit (starting with LSB) 
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Receive Bit Count and First Transfer Bit 

On reception, when the transfer bit count is 1 bit to 7 bits, the data reading method from the transmission 
/ reception shift register SC1TRB is different depending on the first transfer bit selection. At MSB first, 
data are read from the lower bits of SC1TRB. When there are 6 bits to be transferred, as shown on figure 
11-3-2-1, if data "F" to "A" are stored to bp0 to bp5 of SC1TRB. Also, data are read as the same way. At 
LSB first, data are read from the upper bits of SC1TRB. When there are 6 bits to be transferred, as 
shown on figure 11-3-2-2, if data "A" to "F" are stored to bp0O to bp5 of SC1TRB. But their order is 
changed in the SWAP circuit, and reading is started from the upper bits. 

7 6 5 4 3 2 1 0 





SC1TRB F E D C B A 
































Figure 11-3-2-1 Receive Bit Count and Transfer First Bit (starting with MSB bit) 





SC1TRB A el[c olf || 


















































Data is read F E D C B | A 





Figure 11-3-2-2 Receive Bit Count and Transfer First Bit (starting with LSB bit) 


input Edge / Output Edge Setup 

The SC1CE1 to 0 flag of the SC1MDO register set an output edge of the transmission data, an input edge 
of the reception data. As the SC1CE1 flag = "0", the transmission data is output at the falling edge, and 
as "1", output at the rising edge. As SC1CE0="0", the reception data is stored at the inversion edge to the 
output edge of transmission data, and as "1", stored at the same edge. 
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Table 11-3-2 Transmission Data Output Edge and Received Data Input Edge 


























SC1CE0| SC1CE1| Received data input edge | Transmission data output edge 
0 0 A y 
0 1 y A 
1 0 Y Y 
1 1 4 ry 























Clock Setup 
The internal clock or the external clock can be selected as clock source. Table 11-3-3 shows internal 


clock source that the SC1CK1 to 0 register of the SC1MD1 register can set. 


Table 11-3-3 Synchronous Serial Interface Internal Clock Source 





Serial interface 1 











fs/2 
Clock source fs/8 
(internal clock) fs/64 





Timer 3 output 











Data Input Pin Setup 

Only 3 channels type (clock pin (SBT1 pin), data output pin (SBO1 pin), data input pin (SBI1 pin)) can be 
selected as the communication mode. SBI1 pin can be used for serial data input. SBO1 pin can be used 
for serial data output. If only transmission is operated, the SBI1 pin can be used as general I/O pin. And 
if only reception is operated, the SBO1 pin can be used as general I/O pin. 


BBUSY Flag 

When the activation factor is generated, shown in table 11-3-1, and the serial interface communication is 
started, the BUSY flag SC1BSY of the SC1MDO0 register is set to "1". That is cleared to "0" when the 
communication complete interrupt SC1IRQ is generated. 
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HTrasnmission Timing 


Tc/2<ts<Tc 
ts Te 


Clock 
(SBT1 pin) 


Output data 
SBO1 pin) 
Start condition is enabled 


Output data 
SBO1 pin) 
Start condition is disabled 


Transfer bit counter 
(SC1LNG2 to 0) 











SC1BSY 


Interrupt 
(SC1IRQ) 





A A 
Write data =SC1BSY is "1" on clock input at 
to SC1TRB _ slave transmission without start condition. 


Figure 11-3-3 Transmission Timing (at falling edge) 


Tc/2<ts<Tc 
ts Tc 


Clock 
(SBT1 pin 


Output data 
(SBO1 pin 
Start condition is enabled 


Output data 
(SBO1 pin 
Start condition is disabled 


Transfer bit counter 
(SC1LNG2 to 0 











SC1BSY 


Interrupt 
(SC1IRQ) 





A A 
Write data SC1BSY is "1" on clock input at 
to SC1TRB _ slave transmission without start condition. 


Figure 11-3-4 Transmission Timing (at rising edge) 
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@Reception Timing 


Clock 
(SBT1 pin) 


Input data 
(SBI1 pin) 


Transfer bit counter 
(SC1LNG2 to 0) 








SC1BSY 


Interrupt 
(SC1IRQ) 





A 
Input start condition 


Figure 11-3-5 Reception Timing (at rising edge, start condition is enabled) 


Clock 
(SBT1 pin 


Input data 
(SBI1 pin 


Transfer bit counter 
(SC1ILNG2 to 0 











SC1BSY 


Interrupt 
(SC1IRQ) 





A 
Write dummy data to SC1TRB (at master) 
or Input clock (at slave) 


Figure 11-3-6 Reception Timing (at rising edge, start condition is disabled) 
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Clock 
(SBT1 pin 


Input data 
(SBI1 pin 


Transfer bit counter 
(SC1LNG2 to 0 





SC1BSY 


Interrupt 
(SC1IRQ) 





A 
Input start condition 


Figure 11-3-7 Reception Timing (at falling edge, start condition is enabled) 


Clock 
(SBT1 pin : 


Input data 
(SBI1 pin 


Transfer bit counter 
(SC1LNG2 to 0 











SC1BSY 


Interrupt 
(SC1IRQ) 





A 
Write dummy data to SC1TRB (at master) 
or Input clock (at slave) 


Figure 11-3-8 Reception Timing (at falling edge, start condition is disabled) 
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Transmission / Reception Simultaneous Timing 
When transmission and reception are operated at the same time, set the SC1CEO0 to 1 flag of the 


SC1MDO0 register to "00" or "01". Data is received at the opposite edge of the transmission clock, so that 
the reception clock should be the opposite edge of the transmission clock from the other side. 


SBT1 pin 






Data is received at the rising edge of clock. 


SBI1 pin 


Data is output at the falling edge of clock. 


Figure 11-3-9 Transmission / Reception Timing 
(Reception : at rising edge, Transmission : at falling edge) 
(SC1CE0=0, SC1CE1=0) 


SBT1 pin 






Data is received at the falling edge of clock. 


SBI1 pin 


Data is output at the rising edge of clock. 


Figure 11-3-10 Transmission / Reception Timing 
(Reception : at falling edge, Transmission : at rising edge) 
(SC1CE0=0, SC1CE1=1) 
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Pins Setup (3 channels type, at transmission) 
Table 11-3-4 shows the setup for synchronous serial interface pin with 3 channels (SBO1 pin, SBI1 pin, 
SBT1 pin) at transmission. 
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Table 11-3-4 Setup for Synchronous Serial Interface Pin (3 channels type, at transmission) 














Data output pin Data input pin Clock VO pin 
Setup item SBT1 pin 
SBO1 pin SBI pin 
Internal clock External clock 
Pin P03 P04 P05 









































POPLU(POPLUS) 











Serial data output "1" input Serial clock /O Serial clock /O 
Function SC1MD1 
(SC1SBOS) SC1MD1(SC1SBIS) SC1MD1(SC1SBTS) 
Push pull / Push pull / Push pull / 
Sh Nch open-drain Nch open-drain Nch open-drain 
yle 7 
SC1MD1 
(SC1SBOM) SC1MD1(SC1SBTM) 
i Output mode Output mode Input mode 
PODIR(PODIR3) PODIR(PODIRS) 
Added / Not added Added / Not added | Added / Not added 
Pull-up : 


POPLU(POPLUS) 








Pins Setup (3 channels type, at reception) 
Table 11-3-5 shows the setup for synchronous serial interface pin with 3 channels (SBO1 pin, SBI1 pin, 
SBT1 pin) at reception. 









































Table 11-3-5 Setup for Synchronous Serial Interface Pin (3 channels type, at reception) 
Data output pin Data input pin Clock VO pin 
Setup item SBT1 pin 
SBO1 pin SBI1 pin 
Internal clock External clock 
Pin P03 P04 P05 
Port Serial data input Serial clock /O Port 
Function 
SC1MD1(SC1SBOS) | SC1MD1(SC1SBIS) SC1MD1(SC1SBTS) 
Push pull / Push pull / 
Style Nch open-drain Nch open-drain 
SC1MD1(SC1SBTM) 
i Input mode Output mode Input mode 
PODIR(PODIR4) PODIR(PODIRS5) 
Si Added / Not added Added / Not added Added / Not added 
ull-up 
POPLU(POPLU4) POPLU(POPLUS5) 
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Pins Setup (3 channels type, at transmission / reception) 


Table 11-3-6 shows the setup for synchronous serial interface pin with 3 channels (SBO1 pin, SBI1 pin, 
SBT1 pin) at transmission / reception. 


Table 11-3-6 Setup for Synchronous Serial Interface Pin 
(3 channels type, at transmission / reception) 
























































Data output pin Data input pin Clock VO pin 
Setup item SBT1 pin 
SBO1 pin SBI1 pin 
Internal clock External clock 
Pin POS P04 P05 
Serial data output "4" input Serial clock /O Port 
Function 
SC1MD1(SC1SBOS) | SC1MD1(SC1SBIS) SC1MD1(SC1SBTS) 
Push pull / Push pull / Push pull / 
Style Nch open-drain : Nch open-drain Nch open-drain 
SC1MD1(SC1SBOM) SC1MD1(SC1SBTM) 
” Output mode Input mode Output mode Input mode 
PODIR(PODIR3) PODIR(PODIR4) PODIR(PODIRS) 
eal Added / Not added Added / Not added Added / Not added Added / Not added 
ull-up 
POPLU(POPLUS3) POPLU(POPLU4) POPLU(POPLUS5) 
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11-3-2 Setup Example 


Transmission / Reception Setup Example 
The setup example for clock synchronous serial interface communication with serial interface 1 is 
shown. Table 11-3-7 shows the conditions at transmission / reception. 
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Table 11-3-7 Setup Examples for Synchronous Serial Interface 
Transmission / Reception 


Serial Interface 1 






































Setup item set to Setup item set to 
Transfer bit count 8 bits Clock source fs/2 
Start condition none SBT1/SBO1 pin style N-ch open-drain 
First transfer bit MSB SBT1 pin pull-up resistor Not added 
; SBO1 pin pull-up resistor Not added 
Input data edge falling edge : : 
SBI pin pull-up resistor Added 
Output data edge rising edge Serial interface 1 interrupt Enable 
Clock Internal clock 
(master communication) 








An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Set the SC1MDO0 register. 
Select the transfer bit count. 
SC1MDO (x'3F57') 


bp2-0 : SC1LNG2-0 =000 
Select the start condition. 
SC1MDO (x'3F57') 
bp3 : SC1STE =0 


Select the first bit to be transferred. 


SC1MDO (x'3F57’) 
bp4 : SC1DIR =0 


Select the transfer edge. 
SC1MDO (x'3F57') 
bp6 : SC1CE0 =0 
bp5 : SC1CE1 = 1 





(1) 


Set the SC1LNG2-0 flag of the serial interface 1 
mode register 0 (SC1MDO0) to "000" to set the 
transfer bit count "8 bits". 


Set the SC1STE flag of the SC1MDO0 register to 
"0" to disable start condition. 


Set the SC1DIR flag of the SC1MD0 register to 
"0" to set MSB as a first transfer bit. 


Set the SC1CEO, 1 flag of the SC1MDO register 
to "0, 1" to set the transmission data output edge 
to "rising" and the received data input edge to 
"falling". 
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Setup Procedure 


Description 








Select the clock source. 
SC1MD1 (x'3F58') 
bp1-0 : SC1CK1-0 = 00 
Select the transfer clock. 
SC1MD1 (x'3F58') 


bp2 : SC1SBTS = 1 


Control the pin type. 
SC1MD1 (x'3F58') 
bp6-5 : SC1SBOM, SC1SBTM 
=11 
POPLU (x'3F40') 
bp5-3 : POPLU5-3 = 010 
Control the pin direction. 
PODIR (x'3F30') 
bp5-3 : PODIR5-3 = 101 
Control the pin function. 
SC1MD1 (x'3F58') 
bp4 : SC1SBOS 
bp3 : SC1SBIS 


Set the interrupt level. 
SC1ICR (x'03FF1') 
bp7-6 : SC1LV1-0 = 10 


Enable the interrupt. 
SC1ICR (x'3FF1') 
bp1 : SC1IE 


Start serial interface transmission. 
Transmission data>SC1TRB (x'3F55') 
Reception data—input to SBI1 pin. 





Set the SC1CK1-0 flag of the SC1MD1 register to 
"00" to select "fs/2" as a clock source. 


Set the SC1SBTS flag of the SC1MD1 register to 
"{" to set the SBT1 pin to serial interface clock I/O 
pin. The communication is with internal clock 
(master communication). 


Set the SC1SBOM, SC1SBTM flag of the 
SC1MD1 register to "11" to select "N-ch open 
drain" to the SBO1/SBT1 pin. Set the POPLU5-3 
flag of the POPLU register to "010" to add pull-up 
resistor only to the SBI1 pin. 


Set the PODIR5-3 flag of the port 0 pin's direction 
control register (PODIR) to "101" to set P03, PO5 
“output mode", and to set P04 "input mode". 


Set the SC1SBOS, SC1SBIS flag of the SC1MD1 
register to "1" to set the SBO1 pin to "serial 
interface data output", the SBI1 pin to "serial 
interface data input". 


Set the interrupt level by the SC1LV1-0 flag of the 
serial interface 1 interrupt control register 
(SC1ICR). 


Set the SC1IE flag of the SC1ICR register to "1" 
to enable interrupts. 

If the interrupt request flag (SC1IR of the 
SC1ICR register) had already been set, clear 
SC1IR before an interrupt is enabled. 

[ ¢ Chapter 3 3-1-4. Interrupt Flag Setup ] 
Set the transmission data to the serial interface 1 
transmission / reception shift register (SC1TRB). 
Then, an internal clock is generated to start 
transmission / reception. After transmission has 
finished, serial interface 1 interrupt SC1IRQ is 
generated. 
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When only reception with 3 channels is operated, set SC1SBOS of the SC1MD1 register to 
"0" and select a port. The SBO1 pin can be used as a general port. 








When the register except the SC1TRB is written or rewritten, set the SC1SBOS, SC1SBIS 
flag to "0". 











so = 





When the internal clock is used as clock source, write dummy data to the SC1TRB register 
after setting the SC1SBIS flag and the SC1SBOS flag of the SC1MD1 register to "1". Even if 
the reception is operated again, write dummy data to the SC1TRB register. 
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Chapter 12 Serial Interface 2 


12-1 Overview 


This LSI contains a serial interface 2 that can be used for both communication types of clock synchro- 
nous and simple IIC (single master). 


12-1-1 Functions 


Table 12-1-1 shows functions of serial interface 2. 


Table 12-1-1 Serial Interface 2 Functions 




















Communication style clock synchronous lIC (single master) 
Interrupt SC2IRQ SC2IRQ 

Used pins SBO2,SBI2,SBT2 SDA,SCL 

3 channels type V - 

2 channels type V (SBO2,SBT2) V 

Selection of start condition V solvers Souing By pont 


function 

















Transfer bit count 1 to 8 bit 1 to 8 bit + ACK bit 
Specification of the first r V 
transfer bit 
Specification of inout edge V falling edge 
ACK bit - V 
ACK bit level - V 
fs/4 fs/4 
fs/8 fs/8 
Clock source fs/16 fs/16 
fs/32 fs/32 


1/4 dividing Timer 0 output 
External clock 


1/4 dividing Timer 0 output 








Maximum transfer rate 2.5 MHz 400 kHz 





fosc : Machine clock (High speed oscillation) 

fs : System clock (at NORMAL mode : fs=fosc/2, at SLOW mode : fs=fx/4) 
When the transmission and reception are operated at the same time at master 
communication of the clock synchronous, select "no start condition". 
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12-1-2 Block Diagram 


Serial Interface 2 Block Diagram 
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Serial Interface 2 Block Diagram 


Figure 12-1-1 
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12-2 Control Registers 


12-2-1 Registers 


Table 12-2-1 shows registers to control serial interface 2. 


























Table 12-2-1 Serial Interface 2 Control Registers 

Register Address Function Page 

SC2MDO X03F5A' Serial interface 2 mode register 0 XIl- 6 

SC2MD1 X'03F5B' Serial interface 2 mode register 1 XIl- 7 

SC2CTR X'03F5C' Serial interface 2 control register XIl- 8 

ae 2 SC2TRB X'03F5D' Serial interface 2 transmission / reception shift register XIl- 5 
P3DIR X'03F33' Port 3 direction control register NV - 20 

P3PLU X'03F43' Port 3 pull-up control register NV - 20 

SC2ICR X'03FF2' Serial interface 2 interrupt control register Ill- 34 























R/W : Readable / Writable 
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12-2-2 Data Buffer Registers 


Serial Interface 2 has a 8-bit shift register to shift the transmission and reception data. 


Serial Interface 2 Transmission/Reception Shift Register (SC2TRB) 
7 6 5 4 3 2 1 0 





SC2TRB |SC2TRB7|SC2TRB6| SC2TRB5|SC2TRB4|SC2TRB3|SC2TRB2|SC2TRBI |SC2TRBO| (at reset : X X X X X X X X) 


























Figure 12-2-1 Serial Interface 2 Transmission/Reception Shift Register 
(SC2TRB : x'03F5D', R/W) 
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12-2-3 Mode Registers / Control Registers 


Serial Interface 2 Mode Register 0 (SC2MDO) 












































(at reset : 


00XX0000) 








SC2LNG3|SC2LNG2 


transfer bit 


SC2LNG1 |SC2LNGO 
count 





0 1 


1 9 bits 





8 bits 
7 bits 





0 





6 bits 
5 bits 











4 bits 
3 bits 








2 bits 
1 bit 





alo;|-|ol-Alo/-=a|o}; = 




















SC2STE 


Synchronous serial data transfer 
start condition selection 





0 


Disable start condition 





1 


Enable start condition 











SC2DIR 


First bit to be transferred 





0 


MSB first 





{ 


LSB first 














SC2CMD 


Clock synchronous / IIC 
selection 





0 


Clock synchronous 





1 


ie; 











SC2CE0 


Reception data input edge 





rising 











falling 








7 6 4 3 2 1 0 
SC2MDO | SC2CE0|SC2CMD] SC2DIR | SC2STE |SC2LNG3|SC2LNG2|SC2LNG1 |SC2LNGO 
Figure 12-2-2 Serial Interface 2 Mode Register 0 (SC2MDO0 : x'03F5A’, R/W) 
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Serial Interface 2 Mode Register 1 (SC2MD1) 


SC2MD1 


7 


6 


5 


4 


3 


2 


1 


0 








SC2SBOM 





SC2SBTM 





SC2SBOS 





SC2SBIS 





SC2SBTS 


SC2CK2 





SC2CK1 





SC2CK0 
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(at reset:00000000) 











































































































$C2CK2] SC2CK1| SC2CKO | Clcok source 
0 0 fs/4 
1 fs/8 
0 
F 0 fs/16 
1 fs/32 
1/4 dividing 
’ 2 0 Timer 0 output 
SC2SBTS SBT2 pin function selection 
0 Port 
1 Serial interface clock pin 
SC2SBIS SBI2 input control 
0 "0" input 
1 Serial data input 
SC2SBOS SBO2 pin function selection 
0 Port 
1 Serial data communication 
SC2SBTM SBT2 pin configuration 
0 Push - pull output 
N-ch open drain output 
SC2SBOM SBO2 pin configuration 
0 Push - pull output 
ll N-ch open drain output 








Clock source can be selected as an 
external clock by setting the SBT2 pin to 


input mode. 


Figure 12-2-3 Serial Interface 2 Mode Register 1 (SC2MD1 : x'03F5B’, R/W) 
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Serial Interface 2 Control Register (SC2CTR) 


The SC2BSY, SC2SPKF and SC2STKF flags are only readable. 


















































(At reset:00X X00XX) 


























































































































SC2ACKO ACK bit level specification 
0 "L" level 
"H" level 
SC2ACKS ACK bit enable 
0 ACK bit is disabled 
1 ACK bit is enabled 
SC2STEN Start condition enable 
0 Disable start condition 
1 Enable start condition 
SC2SPEN Stop condition enable 
0 Disable stop condition 
Enable stop condition 
SC2STKF Start condition detection 
0 No detection 
Detection 
SC2SPKF Stop condition detection 
0 No detection 
1 Detection 
SC2IOM SBI2/SBO2 pin conection 
0 SBl2: data reception pin 
SBO2: data transmission pin 
1 SBI2: general pin 
SBO2: data reception/transmission pin 
SC2BSY Serial bus status 
0 Other use 








{ 





Serial transmission in progress 





7 6 5 4 3 2 1 0 
SC2CTR | SC2BSY|SC2IOM |SC2SPKF| SC2STKF| SC2SPEN | SC2STEN |SC2ACKS | SC2ACKO 
Figure 12-2-4 Serial Interface 2 Control Register (SC2CTR : x'03F5C’, R/W) 
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12-3 Operation 


Serial Interface 2 can be used for both clock synchronous and simple IIC (single master). 


12-3-1 Clock Synchronous Serial Interface 


Selection of Clock Synchronous Serial Interface 
When the serial interface 2 is used as clock synchronous serial interface, set the SC2CMD flag of the 
serial interface mode register (SC2MD0) to "0". 


Activation Factor for Communication 

Table 12-3-1 shows activation factors for communication. At master, the transfer clock is generated by 
setting data to the transmission / reception shift register SC2TRB, or by receiving a start condition. At 
slave, input an external clock, or input an external clock after a start condition is input. 


Table 12-3-1 Synchronous Serial Interface Activation Factor 





























: thas Sequence 
Operation mode Activation factor Sommunication 
Enable start condition Writing data to serial buffer V 
at master 
Disable start condition Writing data to serial buffer | 
Transmission 
Enable start condition Clock reception * \ 
at slave 
Disable start condition Clock reception V 
Enable start condition Start condition reception | 
at master 
Disable start condition Writing data to serial buffer _ 
Reception 
Enable start condition Start condition reception V 
at slave 
Disable start condition Clock reception 























* Start condition is output by writing the transmission data to the transmission / reception shift 
register SC2TRB when the SC2SBOS flag of the serial interface 2 mode register 1 (SC2MD1) is set 
to "1". Then, the transmission is started by the slave clock. 


When synchronous serial interface is used for master clock reception, it is necessary to write 
dummy data to the transmission / reception shift register (SC2TRB) for starting master clock. 
Automatic sequence reception with automatic data transfer can not be used, because it is 


necessary to write dummy data to serial interface buffer and to read reception data per a 
frame reception. 
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Serial data communication of serial interface 2 can be available by setting the SC2SBIS flag 
or the SC2SBOS flag of the SC2MD1 register to "1". The SC2SBIS flag or the SC2SBOS flag 


should be set to "1" after all conditions are set. 








the SC2SBOS flag or the SC2SBIS flag of the SC2MD1 register is set to "1". But, at the slave 


< On the master communication of the clock synchronous, set the SC2SBTS flag to "1" before 
: communication, the SC2SBTS flag need not to be set to "1". 











Transfer Bit Count 
The transfer bit count is selected from 1 bit to 8 bits. Set it by the SC2LNG2 to 0 flag of the SC2MDO 
register (at reset : 000). The SC2LNG3 flag needs not to be taken care. 








© 
Gd The SC2LNG2 to 0 flags change at the opposite edge of the transmission data output edge. 














© After the transfer has completed, the transfer bit count in the SC2LNG2 to 0 flags of the 
Gd SC2MDO0 register is changed. Except in an 8-bit transfer, reset the transfer bit count at the 
J __— time of the next transmission. 














SC2CE1 to 0 flags of the SC2MDO register are changed, the transfer bit count in the 


< When the SC2SBOS flag or the SC2SBIS flag of the SC2MD1 register is set to "1" and the 
: SC2LNG2 to 0 flags of the SC2MDO register may be incremented. 











Start Condition 

Whether or not the start condition is set is controlled by the SC2STE flag of the SC2MDO0 register. If a 
start condition is enabled and input, a bit counter is cleared to start the communication. The start condi- 
tion is regarded when a data line (SBI2 pin (with 3 channels) or SBO2 pin (with 2 channels) is changed 
from '"H" to "L" as a clock line (SBT2 pin) is "H". 

When the reception and the transmission should be operated at the same time, disable start condition for 
proper operation. 


Enabling the start condition drives the SBO2 pin high level for a fixed time interval (1/2 the 
clock source cycle) after the transmission has completed. If the start condition is disabled, 


the SBO2 pin will remain at the level of the last data bit. 
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If the start condition is enabled, the SC2LNG2 to 0 flags of the SC2MD0 register will be 
cleared when the start condition is received. In this case, the receive bit count is fixed at 8 


bits. 








reception and the transmission should not be operated at the same time. The clock may be 
continued to output after the communication has completed. 





< On the master communication of the clock synchronous, if start condition is enabled, the 
1 | 








First Transfer Bit 
Either MSB or LSB can be selected as a first transfer bit by the SC2DIR flag of the SC2MDO register. 


™Transmission / Reception Data Buffer 

The transmission reception shift register, SC2TRB is used as the data register for transmission and 
reception. Data to be transferred should be set to the SC2TRB. The data is output in sync with the 
transfer clock and is stored to the SC2TRB bit by bit. 





a When switching from transmission to reception, set the SC2SBOS flag of the SC2MD1 reg- 
Gd ister to "0" and then set the SC2SBIS flag to "1". Do not change both of these flags at the 
same time. 








ter to "0" and then set the SC2SBOS flag to "1". Do not change both of these flags at the 
same time. 





a When switching from reception to transmission, set the SC2SBIS flag of the SC2MD1 regis- 
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BTranfer Bit Count and First Transfer Bit 

On transmission, when the transfer bit is 1 bit to 7 bits, the data storing method to the transmission / 
reception shift register SC2TRB is different, depending on the first transfer bit selection. At MSB first, 
use the upper bits of SC2TRB. When there are 6 bits to be transferred, as shown on figure 12-3-1-1, if 
data "A" to "F" are stored to bp2 to bp7 of SC2TRB, the transmission is started from "F" to "A". At LSB 
first, use the lower bits on the program. When there are 6 bits to be transferred, as shown on figure 12- 
3-1-2, if data "A" to "F" are stored to bp0 to bp5 on the program, the transmission is started from "A" to 
"F", because their order is changed in the SWAP circuit. 

7 6 5 4 3 2 1 0 





SC2TRB F E D C B A 





























Figure 12-3-1-1 Transfer Bit Count and First Transfer Bit (starting with MSB) 


7 6 5 4 3 2 1 0 





























Setting on program | F E D C B A 





























SC2TRB A B C D E F 





Figure 12-3-1-2. Transfer Bit Count and First Transfer Bit (starting with LSB) 


Receive Bit Count and First Transfer Bit 

On reception, when the transfer bit count is 1 bit to 7 bits, the data reading method from the transmission 
/ reception shift register SC2TRB is different depending on the first transfer bit selection. At MSB first, 
data are read from the lower bits of SC2TRB. When there are 6 bits to be transferred, as shown on figure 
12-3-2-1, if data "F" to "A" are stored to bp0 to bp5 of SC2TREB. Also, data are read as the same way. At 
LSB first, data are read from the upper bits of SC2TRB. When there are 6 bits to be transferred, as 
shown on figure 12-3-2-2, the reception is started from "A" to "F" and is stored to bp0 to bp5 of SC2TRB. 
But their order is changed in the SWAP circuit, and reading is started from the upper bits. 


7 6 5 4 3 2 1 0 





SC2TRB F E D C B A 





























Figure 12-3-2-1 Receive Bit Count and Transfer First Bit (starting with MSB bit) 





SC2TRB A B C D E F 












































Data is read F E D C B A 























Figure 12-3-2-2 Receive Bit Count and Transfer First Bit (starting with LSB bit) 
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input Edge / Output Edge Setup 

The SC2CE0 flag of the SC2MD0 register set an input edge of the reception data. The transmission data 
is output at the falling edge of the clock. As SC2CE0="0", the reception data is stored in sync with the 
inversion edge of the transmission data output edge, and as SC2CE0="1", it is stored at the same edge. 


Table 12-3-2 Input Edge and Output Edge of Transmission Reception Data 








SC2CE0| Reception data input edge Transmission data output edge 


0) h 


























™Clock Setup 
The clock source can be selected from the internal clock or the external clock. Here is the internal clock 
source that can be set by the SC2CK2 to 0 register of the SC2MD1 register. 


Table 12-3-3. Synchronous Serial Interface Internal Clock Source 





Serial interface 2 














fs/4 
fs/8 
Clock source 
(internal clock) mae 
fs/32 





1/4 dividing Timer 0 output 
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Data Input Pin Setup 

3 channels type (clock pin (SBT2 pin), data output pin (SBO2 pin), data input pin (SBI2 pin)) or 2 chan- 
nels type (clock pin (SBT2 pin), data I/O pin (SBO2 pin)) can be selected as the communication. SBI2 pin 
can be used for only serial data input. SBO2 pin can be used for serial data input or output. The SC2IOM 
flag of the SC2CTR register can select if the serial data is input from SBI2 pin or SBO2 pin. When "data 
input from SBO2 pin" is selected to set the 2 channels type, the P3DIRO flag of the P3DIR register 
controls direction of SBO2 pin to switch transmission / reception. At that time, SBI2 pin is free to be used 
as a general port. 


At reception, if SC2IOM of the SC2CTR register is set to "1" and "serial data input from SBO2 
pin" is selected, SBI2 pin is used as a general port. 














BBUSY Flag 

When the activation factor is generated, shown in table 12-3-1, and the serial interface communication is 
started, the BUSY flag SC2BSY of the SC2CTR register is set to "1". That is cleared to "0" when the 
communication complete interrupt SC2IRQ is generated. 


Other Control Flag Setup 
Table 12-3-4 shows flags that are not used at clock synchronous communication. So, they need not to be 
set or monitored. 


Table 12-3-4 Other Control Flag 





























Register Flag Detail 

SC2MDO SC2LNG3 Transfer bit count specification 3 
SC2ACKO ACK bit level specification 
SC2STEN Start condition flag enable 

SC2CTR SC2SPEN Stop condition flag enable 
SC2STKF Start condition detection 
SC2SPKF Stop condition detection 
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<Caution> 
At clock synchronous serial communication, set the SC2ACKS flag of the SC2CTR 
register to "0". 


<Error> 

When serial interface 2 is used for clock synchronous serial reception, if communi- 
cation is started with SC2ACKS being set to "1" or not being set, normal data can 
not be received. 


<Causes> 
The ACK bit is originally used only for IIC mode. But in this LSI, it is also available 
for clock synchronous mode. 


When SC2ACKS is set to "1" for reception at IIC mode, shift register + the ACK 
register is used in order to receive the ACK bit. 9 bits data is received in total. 


When SC2ACKS is set to "1" for reception, clock synchronous mode uses 9 bits 
(shift register + the ACK register). Therefore, if received data is 8 bits, available 
received data for shift register is only 7 bits. 

Also, default value of SC2ACKS is unstable, and the same error might occur if it is 
operated without setting. 


Shift register ACK register 


Serial data 
input port 





SC2ACKS 
Shift register status after receiving 8 bits data 
Shift register 
At 
SC2ACKS=0 


At 
SC2ACKS=1 


or 
SC2ACKS=X 


: Received data 








Operation 
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Transmission Timing 


Tc/2<ts<Tc 
ts Te 
Clock 
(SBT2 pin) 
Output data 
(SBO2 pin) 


Start condition is enabled 


Output data 
(SBO2 pin) 
Start condition is disabled 


Transfer bit counter 
(SC2LNG2 to 0) 








SC2BSY 


Interrupt 
(SC2IRQ) 





ae: 
Write data) SC2BSY is "1" on clock input at slave transmission 
to SC2TRB without start condition. 


Figure 12-3-3 Transmission Timing (falling edge) 
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@Reception Timing 


Clock 
(SBT2 pin) 


Input data 
(SBI2 pin) 


Transfer bit counter 
(SC2LNG2 to 0) 








SC2BSY 


Interrupt 
(SC2IRQ) 





A 
Input start condition 


Figure 12-3-4 Reception Timing (rising edge, start condition is enabled) 


Clock 
(SBT2 pin) 


Input data 
(SBI2 pin) 


Transfer bit counter 
(SC2LNG2 to 0) 








SC2BSY 


Interrupt 
(SC2IRQ) 





A 
Write dummy data to SC2TRB (at master), 
or clock input (at slave). 


Figure 12-3-5 Reception Timing (rising edge, start condition is disabled) 


Operation XII - 17 


Chapter 12 Serial Interface 2 


Clock 
(SBT2 pin) 


Input data 
(SBI2 pin) 


Transfer bit counter 
(SC2LNG2 to 0) 








SC2BSY 


Interrupt 
(SC2IRQ) 





A 
Input start condition. 


Figure 12-3-6 Reception Timing (falling edge, start condition is enabled) 


Clock [| 
(SBT2 pin) : 


Input data 
(SBI2 pin) 


Transfer bit counter 
(SC2LNG2 to 0) 








SC2BSY 


Interrupt 
(SC2IRQ) 





A 
Write dummy data to SC2TRB (at master), 
or clock input (at slave). 


Figure 12-3-7 Reception Timing (falling edge, start condition is disabled) 
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Transmission / Reception Simultaneous Timing 

When transmission and reception are operated at the same time, set the SC2CEO0 flag of the SC2MDO 
register to "0". Data is received at the opposite edge of the transmission clock, so that the reception clock 
should be the opposite edge of the transmission clock from the other side. 


SBT2 pin 






Data is received at the rising edge of clock. 


SBI2 pin 


Data is output at the falling edge of clock. 


Figure 12-3-8 Transmission / Reception Timing 
(Reception : rising edge, Transmission : falling edge) 
(SC2CE0= 0) 
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Pins Setup (3 channels, at transmission) 


Table 12-3-5 shows the setup for synchronous serial interface pin with 3 channels (SBO2 pin, SBI2 pin, 


SBT2 pin) at transmission. 







































































Table 12-3-5 Setup for Synchronous Serial Interface Pin (3 channels, at transmission) 
Data output pin Data input pin Clock VO pin 
SBT2 pin 
Setup item 
SBO2 pin SBI2 pin 
Internal clock External clock 
Pin P30 P31 P32 
SBl2 / SBO2 independent 
SBI2 / SBO2 pin - 
SC2CTR(SC2IOM) 
Serial data output "4" input Serial clock VO Port 
Function 
SC2MD1(SC2SBOS) SC2MD1(SC2SBIS) SC2MD1(SC2SBTS) 
Push-pull / Push-pull / Push-pull / 
Style Nch open-drain . Nch open-drain Nch open-drain 
SC2MD1(SC2SBOM) SC2MD1(SC2SBTM) 
— Output mode Output mode Input mode 
P3DIR(P3DIRO) P3DIR(P3DIR2) 
Added / Not added Added / Not added Added / Not added 
Pull-u - 
. P3PLU(P3PLU0) P3PLU(P3PLU2) 








Pins Setup (3 channels, at reception) 


Table 12-3-6 shows the setup for synchronous serial interface pin with 3 channels (SBO2 pin, SBI2 pin, 


SBT2 pin at reception). 


Table 12-3-6 Setup for Synchronous Serial Interface Pin (3 channels, at reception) 







































































Data output pin Data input pin Clock VO pin 
Setup item Seren 
SBO2 pin SBI2 pin 
Internal clock External clock 
Pin P30 P31 P32 
SBl2 / SBO2 independent 
SBI2 / SBO2 pin a 
SC2CTR(SC2IOM) 
Port Serial data input Serial clock VO Port 
Function 
SC2MD1(SC2SBOS) | SC2MD1(SC2SBIS) SC2MD1(SC2SBTS) 
Push-pull / Push-pull / 
Style 7 Nch open-drain Nch open-drain 
SC2MD1(SC2SBTM) 
i Input mode Output mode Input mode 
P3DIR(P3DIR1) P3DIR(P3DIR2) 
Added / Not added Added / Not added Added / Not added 
Pull-u 
P3PLU(P3PLU1) P3PLU(P3PLU2) 
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Pins Setup (3 channels, at transmission / reception) 
Table 12-3-7 shows the setup for synchronous serial interface pin with 3 lines (SBO2 pin, SBI2 pin, SBT2 


pin) at transmission / reception. 


Table 12-3-7 Setup for Synchronous Serial Interface Pin 
(3 channels, at transmission / reception) 
























































Data output pin Data input pin Clock VO pin 
SBT2 pin 
Setup item 
SBO2 pin SBI2 pin 
Internal clock External clock 
Pin P30 P31 P32 
SBl2 / SBO2 independent 
SBI2 / SBO2 pin - 
SC2CTR(SC2IOM) 
Hina Serial data output Serial data input Serial clock VO Port 
unction 
SC2MD1(SC2SBOS) | SC2MD1(SC2SBIS) SC2MD1(SC2SBTS) 
Push-pull / Push-pull / Push-pull / 
Style Nch open-drain 7 Nch open-drain Nch open-drain 
SC2MD1(SC2SBOM) SC2MD1(SC2SBTM) 
WG Output mode Input mode Output mode Input mode 
P3DIR(P3DIRO) P3DIR(P3DIR1) P3DIR(P3DIR2) 
ea Added / Not added Added / Not added Added / Not added Added / Not added 
ull-up 
P3PLU(P3PLUO0) P3PLU(P3PLU1) P3PLU(P3PLU2) 

















Pins Setup (2 channels, at transmission) 
Table 12-3-8 shows the setup for synchronous serial interface pin with 2 channels (SBO2 pin, SBT2 pin) 


at transmission. SBI2 pin can be used as a general port. 


Table 12-3-8 Setup for Synchronous Serial Interface Pin (2 channels, at transmission) 

















Data VO pin Serial unused pin Clock VO pin 
, SBT2 pin 
Setup item 
SBO2 pin SBI2 pin 
Internal clock External clock 
Pin P30 P31 P32 








SBI2 / SBO2 connected 


SBl2 / SBO2 pin i 
SC2CTR(SC2IOM) 















































eaenee Serial data output "41" input Serial clock VO Port 
SC2MD1(SC2SBOS) | SC2MD1(SC2SBIS) SC2MD1(SC2SBTS) 
Push-pull / Push-pull / Push-pull / 
Style Nch open-drain ? Nch open-drain Nch open-drain 
SC2MD1(SC2SBOM) SC2MD1(SC2SBTM) 
e Output mode ; Output mode Input mode 
P3DIR(P3DIRO) P3DIR(P3DIR2) 
Added / Not added Added / Not added Added / Not added 
‘vee P3PLU(P3PLUO) : P3PLU(P3PLU2) 
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Pins Setup (2 channels, at reception) 


Table 12-3-9 shows the setup for synchronous serial interface pin with 2 channels (SBO2 pin, SBT2 pin) 


at reception. SBI2 pin can be used as a general port. 















































Table 12-3-9 Setup for Synchronous Serial Interface Pin (2 channels, at reception) 
Data VO pin Serial unused pin Clock VO pin 
SBT2 pin 
Setup item 
SBO2 pin SBI2 pin 
Internal clock External clock 
Pin P30 P31 P32 
SBl2 / SBO2 connected 
SBl2 / SBO2 pin : 
SC2CTR(SC2IOM) 
Port Serial data input Serial clock YO Port 
Function SC2MD1 SC2MD1 
(SC2SBOS) (SC2SBIS) SGeupiSreest>) 
Push-pull / Push-pull / 
Style Nch open-drain Nch open-drain 
SC2MD1(SC2SBTM) 
ie Input mode Output mode Input mode 
P3DIR(P3DIRO) P3DIR(P3DIR2) 
| Added / Not added Added / Not added Added / Not added 

ull-up 











P3PLU(P3PLUO) 














P3PLU(P3PLU2) 
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12-3-2 Setup Example 


Transmission / Reception Setup Example 
The setup example for clock synchronous serial interface communication with serial interface 2 is 


shown. Table 12-3-10 shows the conditions at transmission / reception. 
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Table 12-3-10 Setup Examples for Synchronous Serial Interface Transmission / Reception 





Setup item 


set to 


Setup item 


set to 





SBl2 / SBO2 pin 


Independent 
(with 3 channels) 


Clock source 


fs/4 





Transfer bit count 


8 bits 





Start condition 


none 


SBT2 / SBO2 pin style 


Nch open-drain 





























communication) 


First transfer bit MSB SBT2 pin pull-up resistor Not added 
-_ SBO2 pin pull-up resistor Not added 
Input clock edge rising edge - . 
SBI2 pin pull-up resistor Added 
Output clock edge falling edge Seliahe PamMUMeAvOn Enable 
complete interrupt 
Internal clock 
Clock (master 











An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Select the clock synchronous serial (1) 
interface. 
SC2MD0 (x'3F5A') 
bp6 : SC2CMD 
SC2CTR (x'3F5C’) 
bp1 : SC2ACKS =0 
Set the SC2MD0 register. (2) 
Select the transfer bit count 
SC2MDO0 (x'3F5A') 
bp3-0 : SC2LNG3-0 = 1000 
Select the start condition. 
SC2MDO0 (x'3F5A') 
bp4 : SC2STE =0 
Select the first bit to be transferred. 
SC2MDO0 (x'3F5A') 
bp5 : SC2DIR = 


I 
oO 





Set the SC2CMD flag of the serial interface 2 
mode register (SC2MD0O) to "0" to select the 
clock synchronous serial interface. 


Set the SC2ACKS flag of the serial interface 2 
control register (SC2CTR) to "0". 


Set the SC2LNG3-0 flag of the serial interface 
2 mode register 0 (SC2MDO) to"1000" to set 
the transfer bit to 8 bits. 


Set the SC2STE flag of the SC2MD0 register 


to "0" to disable start condition. 


Set the SC2DIR flag of the SC2MD0 register to 
"0" to set MSB as a transfer first bit. 
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Setup Procedure 


Description 








Select the transfer edge. 
SC2MD0 (x'3F5A') 
bp7 : SC2CE0 


Select the clock source. 
SC2MD1 (x'3F5B') 
bp2-0 : SC2CK2-0 


Select the transfer clock. 
SC2MD1 (x'3F5B') 
bp3 : SC2BTS 


Control the pin type. 
SC2MD1 (x'3F5B') 
bp7-6 


SC2CTR (x'3F5C’) 


bp6 : SC2IOM 
P3PLU (x'3F43') 
bp2-0 : P3PLU2-0 


Control the pin direction. 
P3DIR (x'3F33’') 
bp2-0 : P3DIR2-0 


Control the pin function. 
SC2MD1 (x'3F5B') 
bp5 : SC2SBOS 
bp4 : SC2SBIS 


Set the interrupt level. 
SC2ICR (x'3FF2') 
bp7-6 : SC2LV1-0 


Enable the interrupt. 
SC2ICR (x'3FF2') 
bp1 : SC2IE 


= 000 


: SC2SBOM, SC2SBTM 


=11 


=0 


= 010 


= 101 


= 10 





Set the SC2CE0 flag of the SC2MDO0 register to 
"0" to set the transmission data output edge 
"falling" and the received data input edge "rising". 


Set the SC2CK2-0 flag of the SC2MD1 register to 
"000" to select the clock source "fs/4". 


Set the SC2SBTS flag of the SC2MD1 register to 
"1" to set the SBT2 pin to serial interface clock I/O 
pin. The communication is used with the internal 
clock (master communication). 


Set the SC2SBOM, SC2SBTM flag of the 
SC2MD1 register to "11" to select the SBO2/ 
SBT2 pin to "N-ch open drain". Set the SC2IOM 
flag to "O" to set "input serial data from the SBI2 
pin". Set the P8PLU2-0 flag of the P3PLU 
register to "010" to select "add pull-up resistor 
only to the SBI2 pin. 


Set the P3DIR2-0 flag of the port 3 pin direction 
control register (P3DIR) to "101" to set P30 and 
P32 to output mode and to set P31 to input mode. 


Set the SC2SBOS, SC2SBIS flag of the SC2MD1 
register to "1" to set SBO2 pin "serial data output", 
SBI2 pin "serial data input". 


Set the interrupt level by the SC2LV1-0 flag of 
the serial interface 2 interrupt control register 
(SC2ICR). 


Set the SC2IE flag of the SC2ICR register to "1" to 
enable interrupts. 

If the interrupt request flag (SC2IR of the 
SC2ICR register) had already been set, clear 
SC2IR before an interrupt is enabled. 


[a Chapter 3 3-1-4. Interrupt Flag Setup ] 
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Setup Procedure Description 
(10) Start serial interface transmission. (10) Set the transmission data to the serial interface 2 
Transmission data>SC2TRB (x'3F5D') transmission / reception shift register (SC2TRB). 
Reception datainput to SBI2 pin. Then, an internal clock is generated to start 


transmission / reception. After the transmission 
has finished, serial interface 2 interrupt SC2IRQ 
is generated. 














Note : In (2), each settings can be set at once. 





When only reception with 3 channels is operated, set SC2SBOS of the SC2MD1 register to 
"0" and select a port. The SBO2 pin can be used as a general port. 








When SBO2 / SBI2 pin are connected for communication with 2 lines, the SBO2 pin inputs / 
outputs serial data. The port direction control register P3DIR switches input / output. At re- 
ception, set SC2SBIS of the SC2MD1 register always to "1" to select "serial data input". The 
SBI2 pin can be used as a general port. 








If the SC2IOM flag of the SC2MD1 register is set to "1", the SBI2 pin can be used as port. 
When the SBO2 pin is input mode, reception is operated, and when it is output mode, trans- 
mission is operated. 








When the register except the SC2TRB is written or rewritten, set the SC2SBOS, SC2SBIS 
flag to "0". 








When the internal clock is used as clock source, write dummy data to the SC2TRB register 
after setting the SC2SBIS flag and the SC2SBOS flag of the SC2MD1 register to "1". Even if 
the reception is operated again, write dummy data to the SC2TRB register. 


aoa fs fs 8 
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12-3-3 Single Master IIC Interface 


IIC serial communication in single master is available at serial interface 2. Several devices can be con- 
nected to this serial interface 2 as slave. 


Table 12-3-11 shows the functions of IIC serial interface. 


Table 12-3-11  IIC Serial Interface Functions 


























Communication type Single master IIC 
Interrupt SC2IRQ 
Pins SDA(P30), SCL(P32) 
Transfer bit count 1 to 8 bits + ACK bit 
First transfer bit V 
ACK bit V 
ACK bit level Vv 

fs/4 

fs/8 
Clock source fs/16 

fs/32 

1/4 dividing timer 0 output 











Start Condition Setup 

The program using data output function of a general port generates start condition. Set the SDA pin 
(P30) and the SCL pin (P32) to port and output "H" level. After that, when "L" level is output to the SDA 
pin (P30), devises as slave connected to this LSI recognize start condition (When the clock line is "H", 
the data line changes from "H" to "L".). 


Be sure to set the SC2STE flag of the SC2MDO0 register to "0" (disable start condition). 


Activation Factor for Communication 

Set data (at transmission) or dummy data (at reception) to the transmit/reception shift register SC2TRB. 
Transfer clock is generated to start communication, regardless of transmission/reception. This serial 
interface can not be used for slave communication. 
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™Generation of Stop Condition 

Stop condition is generated as the SDA line is changed from "L" to "H", when the SCL line is "H". 
For this generation, use the program with data output function of a general port. 

Set the SDA pin (P30) and the SCL pin (P32) to port and output "L" level to them. After this, set the SCL 
pin to "H" level and output "H" level to the SDA pin. 


Start condition Stop condition 


SDA ee Aly: ae Ge rere | 
(Serial data) ! 
SCL ne 7) (nn Catetateeeied: : 
(Serial clock) 


Figure 12-3-9 Start Condition and Stop Condition 


input Edge/Output Edge Setup 
At IIC communication, data is always received in sync with the falling edge of clock. Set the SC2CE0 flag 
of the SC2MD0 register to "1", and select "falling" at the received data input edge. 





| At IIC communication, set the SC2CEO flag of the SC2MD0 register to "1" to select "falling" 
7 of the received data input edge. 











Data I/O Pin Setup 

The SDA pin (usable as the SBO2 pin, too) is used to input/output data. Set the SC2IOM flag of the 
SC2CTR register to "1" to input serial data from the SBO2 pin. The SBI2 pin is not used, so it can be 
used as a general port. But, always set the SC2SBIS flag of the SC2MD1 register to "1" to set "input 
serial data". 


Pin Style Setup 

During data communication, set the SC2SBOM flag and the SC2SBTM flag of the SC2MD1 register to 
"1" to select N-ch open-drain for the output style of the SDA pin (P30) and the SCL pin (P32). 

Above procedure leads the SDA pin and the SCL pin to output "L" level or to be opened. 
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@Reception of Confirming (ACK Bit) after Data Transmission 

The SC2ACKS flag of the SC2CTR register selects if the ACK bit is enabled or not. If the ACK bit is 
enabled, the ACK bit is received from the slave station after data (1 to 8 bits) is transferred. If the transfer 
bit count of this LSI is set to data (1 to 8 bits) + 1 bit (for the ACK bit ) and the SC2ACKO flag is set to "1", 
the ACK bit (of "H" level) is output after data transmission. Because output style is N-ch open-drain, SDA 
line gets to be open. At this time, if devises of slave station give back the ACK bit, that data is stored to 
the SC2ACKO flag at the falling edge of SCL. When the received the ACK bit level is "L", reception of the 
slave station is normally operated and the next data is waiting to be received. When the ACK bit level is 
"H", there is a possibility that reception of the slave station might be completed. So clear the SC2SBIS 
flag and the SC2SBOS flag of the SC2MD1 register to "0" to terminate communication. 


«— Data transmission _, 


period 
: T : SDA line released period 





Figure 12-3-10 ACK Bit Reception Timing after Transmission of 8-Bit Data 


Transmission of Confirming (ACK Bit) after Data Reception 
After data reception, the ACK bit is transmitted with the program using the data output function of a 
general port (Set the SC2ACKS flag to '0'.). 


Data reception period 
<— (SDA line > 
released period) 


i ioe ae CO Gn C8 2 


ACK bit transimission clock 





Interrupt 


Ser oe ee ee eee eee 


Figure 12-3-11 ACK Bit Transmission Timing after Reception of 8-Bit Data 
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Transfer Format 

On IIC bus, there are 2 transfer formats: the addressing format that transmits/receives data after 1 
byte data (address data) that consists of slave address (7 bits) and R/W bit (1 bit) is transferred after 
start condition, and the free data format that transmits data right after start condition. The serial inter- 
face of this LSI supports 2 communication formats only for master transmission and master reception at 
IIC communication. Sequence of communication is as follows. The shaded parts show the data trans- 


ferred from slave. 
La Figure 12-3-13 Master Transmission Timing, Figure 12-3-14 Master Reception Timing ] 



































Start Slave Stop 
condition address RW ie cata condition 
Addressing format (master transmission) 
Start Slave no Stop 
condition address R/W JACK) data ACK] condition 





























Addressing format (master transmission) 





Start 
condition 


data 


ACK 


Stop 
condition 




















Free data format (master transmission) 


Figure 12-3-12 Communication Sequence on Each Transfer Format 


™Clock Setup 

The SC2MD71 register selects the transfer clock of IIC communication from internal clock and timer 0. 
But clock source should be set so that the transfer rate is not over 400 kHz. This IIC interface can not be 
used at the external clock (clock slave). 


Table 12-3-12 IC Interface Clock Source 





Communication type Single master IIC 














fs/4 
fs/8 
Clock source 
(internal clock) i 
fs/32 











1/4 dividing timer 0 output 
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™Transmission/Reception Mode Setup and Operation 

The first data always needs to be added start condition for communication. The start condition is output 
from the master, this serial interface. 

If the communication is continued (no stop condition is generated), do not add start condition to the next 
data. At addressing format, slave address and R/W bit are set to the first data for transmission after start 
condition is output. 

At master reception, in the interrupt service routine followed by the transmission of the first 1byte data, 
switch to the reception mode after the ACK signal from slave is confirmed. If the communication should 
be continued to other device without stopping, output start condition and then transmit slave address 


again. At reception, after the data storage is completed, reception confirmation (the ACK bit) is output. 
la Figure 12-3-13 Master Transmission Timing, Figure 12-3-14 Master Reception Timing ] 


m@|IC BUSY Flag Operation 

As data is set to the transmit/receive shift register SC2TRB, the SC2BSY flag of the SC2CTR register is 
set to "1". After communication is completed, communication complete interrupt SC2IRQ is generated 
and the SC2BSY flag is automatically cleared. 


The following items are the same to the clock synchronous serial. Refer to the following pages. 


BFirst Transfer Bit Setup 
Refer to : XIl-11 


Transmit, Reception Data Buffer 
Refer to : Xll-11 


@ Transfer Bit Count and First Transfer Bit 
Refer to : XII-12 


@Received Bit Count and First Transfer Bit 
Refer to : XII-12 


Other Control Flags 


The SC2STEN flag, the SC2SPEN flag, the SC2STKF flag and the SC2SPKF flag of the SC2CTR 
register can not be used for IIC serial communication in single master. Set them always to "0". 
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mMaster Transmission Timing 


Serial data communication 
is started. 


so eae 00 02 CD CO CC 6 Cs 
eOUANILI A 


1st-byte Q9bit 2nd-byte 18 bit Stop condition 
Transmission is started. Transmission Transmission Transmission is completed. 
is completed. is started. 


























Interrupt 

















Software 7 Hardware Software | Hardware Software 





Figure 12-3-13 Master Transmission Timing 


mMaster Reception Timing 


ol pL eye 











= AN ARAN 


{st-byte 9 bit 2nd-byte 8 bit 











LI 


























Transmission is started. Transmission Reception Reception is completed. 
is completed. is started. 
Interrupt 
Software Hardware Software — Hardware Software 
-- —— -- 





[Dummy data setup] 


Figure 12-3-14 Master Reception Timing 
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Pin Setup (2 channels, at transmission) 
Table 12-3-13 shows the pins setup at IIC serial interface transmission with 2 channels (the SDA pin, the 
SCL pin). 


Table 12-3-13 Pin Setup (2 channels, at transmission) 












































Data V/O pin Clock output pin 
Item 
SDA pin SCL pin 
Pin P30 P32 
SBl2/SBO2 pin connection 
SBI2/SBO2 pins 7 
SC2CTR(SC2IOM) 
Serial data output Serial clock output 
SC2MD1(SC2SBOS) SC2MD1(SC2SBTS) 
Function 
Serial data input 
SC2MD1(SC2SBIS) 
Push-pull/ ; Push-pull/ : 
Type N-ch open-drain N-ch open-drain 
SC2MD1(SC2SBOM) SC2MD1(SC2SBTM) 
ie Output mode Output mode 
P3DIR(P3DIRO) P3DIR(P3DIR2) 
a added / not added added / not added 
ull-up 
P3PLU(P3PLU0) P3PLU(P3PLU2) 














Pin Setup (2 channels, at reception) 


Table 12-3-14 shows the pins setup at IIC serial interface reception with 2 channels (the SDA pin, the 












































SCL pin). 
Table 12-3-14 Pin Setup (2 channels, at reception) 
Data V/O pin Clcok output pin 
Item 
SDA pin SCL pin 
Pin P30 P32 
SBl2/SBO2 pin connection 
SBI2/SBO2 pins = - 
SC2CTR(SC2IOM) 
Port Serial clock output 
SC2MD1(SC2SBOS) SC2MD1(SC2SBTS) 
Function 
Serial data input 
SC2MD1(SC2SBIS) 
Push-pull/ ; Push-pull/ ; 
Type N-ch open-drain N-ch open-drain 
SC2MD1(SC2SBOM) SC2MD1(SC2SBTM) 
ie Input mode Output mode 
P3DIR(P3DIRO) P3DIR(P3DIR2) 
Sai added / not added added / not added 
ull-up 
P3PLU(P3PLU0) P3PLU(P3PLU2) 
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Here is the setup example of data transmission after 1 byte transmission with IIC interface function of 
serial interface 2. Figure 12-3-15 shows the conditions. 


Figure 12-3-15 Conditions of Single Master IIC Transmission Setup 






































Item Set to Item Set to 
: Connection 
SBl2/SBO2 pins (with 2 channels) Clock source fs/4 
Transfer bit count |8 bits SCL/SDA pins' type N-ch open-drain 
i enable ‘ : 
Start condition (without flag setup) Pull-up resistance of the SCL pin | added 
First transfer bit |MSB Pull-up resistance of the SDA pin | added 
ACK bit enable 
An example setup procedure, with a description of each step is shown below. 
Setup Procedure Description 





(1) Output 'H' level to the SCL pin (P32). 
P30UT (x'3F13') 
bp2 :P30UT2 
P3DIR (x'3F33') 
bp2 :P3DIR2 


=1 
= 1 


(2) Output 'H' level to the SDA pin (P30). 
P30UT (x'3F13') 
bpO :P30UTO 
P3DIR (x'3F33') 
bpO :P3DIRO 


= 1 


= 1 


(3) Output start condition. 


P30UT (x'3F13') 
bpO :P30UTO =0 
(4) Set the SC2MD0 register. 
SC2MDO0 (x'3F 5A’) 
bp7 :SC2CE0 =1 
bp6 :SC2CMD =1 
bp3-0 : SC2LNG3-0 =0111 
bp4. :SC2STE =0 
bp5 :SC2DIR =0 


(1) Set the PSOUT2 flag of the port 3 output register to 
"{" (H level) and the P3DIR2 flag of the port 3 direc- 
tion register to "1" (output mode) to output 'H' level to 
the SCL pin (P32). 


(2) Set the PSOUTO flag of the port 3 output register to 
"1" (H level) and the P3DIRO flag of the port 3 direc- 
tion register to "1" (output mode) to output 'H' level to 
the SDA pin (P32). 


(3) Set the P3OUTO flag of the port 3 output register to 


"0" (L level) to output 'L' level (start condition) to the 
SDA pin. 


(4) - Set the SC2CEO flag to "1" to set the reception 

data input edge to "falling". 

- Set the SC2CMD flag of the SC2MDO0 register 
to "1" to select IIC mode. 

- Set SC2LNG3-0 to "0111" to set transfer bit 
count to 9 bits. 

- Set the SC2STE flag to "0" to disable start 
condition. 

- Set the SC2DIR flag to "0" to set first transfer 
bit to MSB. 
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Setup Procedure 


Description 





(5) Set the SC2MD1 register. 
SC2MD1 (x'3F5B') 
bp2-0 : SC2CK2-0 =000 
bp3 :SC2SBTS = 1 
bp6 :SC2SBIM =1 
bp7 :SC2SBOM ~=1 


(6) Set the SC2CTR register. 
SC2CTR (x'3F5C') 


bpO :SC2ACKO =1 
bp1 :SC2ACKS =1 
bp6 :SC2IOM =1 


(7) Enable serial port. 
SC2MD1 (x'3F5B') 
bp4 :SC2SBIS = 1 
bp5 :SC2SBOS =1 


<Transmission is started.> 
(8) Start serial data transmission. 
SC2TRB (x'3F5D') 


<Transmission is completed.> 
(9) Judge the ACK bit. 
SC2CTR (x'3F5C’) 
bpO :SC2ACKO 


<Setup for the next data transmission> 
(10) Set the SC2MDO0 register. 
SC2MD0 (x'3F5A') 
bp3-0 :SC2LNG3-0 =0111 


(11) Set the SC2CTR register. 
SC2CTR (x'3F5C') 
bpd :SC2ACKO =1 








(5) - Set the SC2CK2-0 flags to "000" to set fs/4 as 

clock source. 

- Set the SC2SBTS flag to "1" to set serial clock 
pin. 

- Set the SC2SBTM flag to "1" to set N-ch open- 
drain. 

- Set the SC2SBOM flag to "1" to set N-ch open- 
drain. 


(6) - Set the SC2ACKO flag to "1" to set the ACK bit 
level to "H". 


(This is the output level of the 9th data (ACK bit) 
at transmission.) 

- Set the SC2ACKS flag to "1" to enable the ACK 
bit. 

- Set the SC2IOM flag to "1" to set the SBO2 
pin as a transmission/reception port. 


(7) Set the SC2SBIS flag and the SC2SBOS flag to 
"1" to enable serial port. 


(8) Write data to the SC2TRB register. 
When transmission of 9 bits data (8 bits data + 
the ACK bit) is completed, the SC2 transfer com- 
plete interrupt occurs. 


(9) Read the SC2ACKO flag of the SC2CTR register 
to judge the ACK bit. 


(10) Set the SC2LNG3-0 flags to "0111" to set 
transfer bit count to 9 bits. 


(11) Set the SC2ACKO flag to "1" to set the output 
level of the 9th bit data (ACK bit) at transmission 
to "H". 
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Setup Procedure 


Description 





<The next data transmission is started.> 
(12) Serial transmission is started. 
— Repeat from (8). 


<Transmission is completed.> 

(13) Set the P3OUT register. 
P30UT (x'3F13') 

bp2:P30UT2 =0 

bpO :P30UTO =0 


(14) Set the SC2MD1 register. 
SC2MD1 (x'3F5B') 
bp5:SC2SBOS =0 
bp4:SC2SBIS =0 
bp3:SC2SBTS =0 


(15) Set the P3OUT register. 
P30UT (x'3F13') 
bp2 : PSOUT2 =1 


(16) Set the P8OUT register. 
P30UT (x'3F13') 
bp0 : PSOUTO =1 





(12) 


(13) Set the P3OUT2 flag and the POUT flag of the 
P30UT register to "0". 


(14) Set the SC2SBOS flag, SC2SBIS flag and the 
SC2SBTS flag of the SC2MD1 register to "0" to 
switch the SDA pin and the SCL pin to a general 
port. 

'L' level is output from the SDA pin and the SCL 
pin. 


(15) Output "H" level to the SCL pin. 


(16) Output "H" level (stop condition) to the SDA pin. 








Be sure to set the SC2SBTS flag of the SC2MD1 register to "1" before setting the SC2SBOS flag and 
the SC2SBIS flag of the SC2MD1 register to "1". 








¢ Set the SC2CEO0 flag of the SC2MD0 register to "1" before setting the SC2LNG3-0 flags of the 
| 


SC2MD0 register. 











\ Set the SC2SPKF flag, the SC2STKF flag, the SC2SPEN flag and SC2STEN flag of the SC2CTR 
: register always to "0". 
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™Master Reception Setup 


Here is the setup example for the data reception after 1 byte transmission with IIC interface function of 


serial interface 2. 


Figure 12-3-16 Conditions of Single Master lIIC Reception Setup 























Item Set to Item Set to 
, Connection 
SBI2/SBO2 pins (with 2 channels) Clock source fs/4 
Transfer bit count |8 bits SCL/SDA pins' style N-ch open-drain 
~ enable ‘ : 
Start condition (without flag setup) Pull-up resistance of the SCL pin | added 
First transfer bit |MSB Pull-up resistance of the SDA pin | added 
ACK bit enable 














An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) Output 'H' level to the SCL pin. 
P30UT (x'3F13') 


bp2 :P30UT2 =1 
P3DIR (x'3F33') 
bp2 :P3DIR2 =1 


(2) Output 'H' level to the SDA pin (P30) 
P30UT (x'3F13') 
bpO :P30UTO 
P3DIR (x'3F33') 
bpO :P3DIRO 


=1 


= 1 


(3) Output start condition. 


P30UT (x'3F13') 

bpO :P30UTO =0 
(4) Set the SC2MDO register. 

SC2MDO0 (x'3F 5A’) 
bp7 :SC2CEO =1 
bp6 :SC2CMD =1 
bp3-0 : SC2LNG3-0 = 0111 
bp4 :SC2STE =0 
bp5 :SC2DIR =0 





(1) Set the P3OUT2 flag of the port 3 output register to 
"1" (H level) and the P3DIR2 flag of the port 3 direc- 
tion register to "1" (output mode) to output 'H' level 
to the SCL pin (P32). 


(2) Set the P3OUTO flag of the port 3 output register to 
"1" (H level) and the P3DIRO flag of the port 3 direc- 
tion register to "1" (output mode) to output 'H' level 
to the SDA pin (P32). 


(3) Set the P3OUTO flag of the port 3 output register to 
"0" (L level) to output 'L' level (start condition) to the 
SDA pin. 


(4) - Set the SC2CEO flag to "1" to set the reception 
data input edge to "falling". 
- Set the SC2CMD flag of the SC2MDO0 register to 
"1" to select IIC mode. 
- Set SC2LNG3-0 to "0111" to set transfer bit 
count to 9 bits. 
- Set the SC2STE flag to "0" to disable start 
condition. 
- Set the SC2DIR flag to "0" to set first transfer bit 
to MSB. 
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Setup Procedure 


Description 








(5) Set the SC2MD1 register. 
SC2MD1 (x'3F5B’') 
bp2-0 :SC2CK2-0 =000 
bp3 :SC2SBTS =1 
bp6 :SC2SBIM =1 
bp7 :SC2SBOM =1 


(6) Set the SC2CTR register. 
SC2CTR (x'3F5C') 
bpO :SC2ACKO = 1 
bp1 :SC2ACKS =1 
bp6 :SC2IOM = 1 


(7) Enable serial port. 
SC2MD1 (x'3F5B') 
bp4 :SC2SBIS = 1 
bp5 :SC2SBOS =1 


<Transmission is started.> 
(8) Start serial data transmission. 
SC2TRB (x'3F5D') 


<Transmission is completed.> 
(9) Judge the ACK bit. 
SC2CTR (x'3F5C') 
bpO :SC2ACKO 


<Reception setup> 
(10) Set the ACK bit. 
SC2CTR (x'3F5C') 
bp1 : SC2ACKS 


(11) Set the SC2MDO register. 
SC2MDO0 (x'3F5A') 
bp3-0 :SC2LNG3-0 = 1000 





(5) - Set the SC2CK2-0 flags to "000" to set fs/4 as 

clock source. 

- Set the SC2SBTS flag to "1" to set serial clock 
pin. 

- Set the SC2SBTM flag to "1" to set N-ch open- 
drain. 

- Set the SC2SBOM flag to "1" to set N-ch open- 
drain. 


(6) - Set the SC2ACKO flag to "1" to set the ACK bit 

level to "H". 

(This is the output level of the 9th data (ACK bit) 
at transmission.) 

- Set the SC2ACKS flag to "1" to enable the ACK 
bit. 

- Set the SC2IOM flag to "1" to set the SBO2 
pin as a transmission/reception port. 


(7) Set the SC2SBIS flag and the SC2SBOS flag to 
"1" to enable serial port. 


(8) Write data to the SC2TRB register. 
When transmission of 9 bits data (8 bits data + 
the ACK bit) is completed, the SC2 transfer com 
plete interrupt occurs. 


(9) Read the SC2ACKO flag of the SC2CTR register 
to judge the ACK bit. 


(10) Set the SC2ACKS flag to "0" to disable the 
ACK bit. 


(11) Set the SC2LNG3-0 flags to "1000" to set 
transfer bit count to 8 bits. 
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Setup Procedure 


Description 





(12) Control the pin direction. 
P3DIR (x'3F33') 
bpO :P3DIRO =0 


<Reception is started.> 
(13) Start serial reception. 
SC2TRB (x'3F5D') 


<Control the ACK bit.> 
(14) Set the P3OUT register. 
P30UT (x'3F13') 
bp2 :P30UT2 =0 


(15) Set the SC2MD1 register. 
SC2MD1 (x'3F5B') 
bp5 :SC2SBOS =0 
bp4 :SC2SBIS =0 
bp3 :SC2SBTS =0 


(16) Set the P3OUT register. 
P30UT (x'3F13') 
bpO :P30UTO =0 
bp2 : P30UT2 =1 


(17) Control the pin direction. 
P3DIR (x'3F33') 
bpO :P3DIRO =1 
— When reception processing is 
completed here, skip to (21). 


<Continuous reception> 
(18) Set the SC2MDO0 register. 
SC2MDO0 (x'3F5A') 
bp3-0 : SC2LNG3-0 = 1000 


(19) Set the SC2MD1 register. 
SC2MD1 (x'3F5B') 
bp3 :SC2SBTS =1 








(12) Set the P3DIRO flag of the port 3 direction control 
register to "0" to set the SDA pin (P30) to input 
mode. 


(13) Write dummy data to the SC2TRB register. Clock 
is output from the SCL pin (P32) and serial data 
reception is started. 

When reception of 8 bits data is completed, the 
SC2 transfer complete interrupt occurs. 

8 bits reception data is stored to the SC2TRB 
register. 


(14) Set the P3OUT2 flag of the P3OUT register to "0". 


(15) Set the SC2SBOS flag, the SC2SBIS flag and 
SC2SBTS flag of the SC2MD1 register to "0" to 
switch the SDA pin and the SCL pin to a general port. 


(16) Set the P3OUTO flag of the P3OUT register to "0". 
(If NACK, set to "1".) 
Set the P3OUT2 flag of the P3OUT register to "1". 


(17) Set the P3DIRO flag of the port 3 direction control 
register to "1" to set the SDA pin (P30) to output 
mode. 


(18) Set SC2LNG3-0 flags to "1000" to set transfer 


bit count to 8 bits. 


(19) Set the SC2SBTS flag to "1" to make the SCL 
pin be serial clock pin. 
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Setup Procedure 


Description 








(20) Set the SC2MD1 register. 


SC2MD1 (x'3F5B') 
bp5:SC2SBOS =1 
bp4:SC2SBIS_ =1 

— Repeat from (12). 


<Reception is completed.> 
(21) Set the P3OUT register. 
P30UT (x'3F 13’) 
bp2:P30UT2 =0 
bpO :P30UTO =0 


(22) Set the SC2MD1 register. 
SC2MD1 (x'3F5B') 
bp5:SC2SBOS =0 
bp4:SC2SBIS =0 
bp3:SC2SBTS =0 


(23) Set the P3OUT register. 
P3OUT (x'3F13') 
bp2 : PSOUT2 =1 


(24) Set the P3OUT register. 
P3OUT (x'3F13') 
bpO : PSOUTO =1 


port. 





(20) Set the SC2SBOS flag and the SC2SBIS flag to 
"1" to set the SDA pin as serial data pin. 


(21) Set the PZOUT2 flag and the P3OUTO flag of the 
P3OUT register to "0". 


(22) Set the SC2SBOS flag, SC2SBIS flag and the 
SC2SBTS flag of the SC2MD1 register to "0" to 
switch the SDA pin and the SCL pin to a general 


(23) Output 'H' level to the SCL pin. 


(24) Output 'H' level (stop condition) to the SDA pin. 








SDA . 



























































ACK 
7 
Output of ACK 
SCL | 8 
t 
Clock output Clock completion 
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P32 Output 
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Figure 12-3-15 





Refer to description 


ACK Processing at Reception 
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Be sure to set the SC2SBTS flag of the SC2MD1 register to "1" before setting the SC2SBOS flag and 
the SC2SBIS flag of the SC2MD1 register to "1". 








Set the SC2CEO0 flag of the SC2MD0 register to "1" before setting the SC2LNG3-0 flags of the 
SC2MD0 register. 


(ma 








1 Set the SC2SPKF flag, the SC2STKF flag, the SC2SPEN flag and the SC2STEN flag of the SC2CTR 
= register always to "0". 
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Chapter 13 Automatic Transfer Controller 


13-1 Overview 


13-1-1 ATC 


This LSI contains an automatic transfer controller (ATC) that uses direct memory access (DMA) to 
transfer the contents between the memory space and the internal special function register space using 
the hardware. This block is called ATC. 
The special function register space means the 256 bytes of x'3F00' to x'3FFF', and the memory space 
means the 64 KB of x'0000' to x'FFFF'. 


ATC is activated by an interrupt of trigger factor. Once this occurs, even if it is in the middle of executing 
an instruction, the microcontroller stops normal operation in the timing of releasing the bus, and transfers 
bus control to ATC. ATC then uses the released bus for the hardware data transfer. 

Every time a trigger factor is generated, 1 byte or 1 word data is transferred, after the transferes are 
completed in numbers set in the transfer data count register, the automatic transfer control interrupt is 
generated. 


There are seven interrupts as a trigger factor, external interrupt (IRQO), external interrupt (IRQ1), timer 
2 interrupt, timer 4 interrupt, serial interface 0 interrupt, serial interface 1 interrupt, serial interface 2 
interrupt and A/D converter interrupt. 


1 word transfer is the mode that trasfers 16 bit capture register data and 10 bit A/D data. The data of two 
serial interface addresses which starts with even address is consecutively transferred. 





The interrupt enable flag (xxxlE) as a trigger factor of the interrupt need not to be set. 

Because the automatic data transfer occurs in the hardware without going through an inter- 
rupt service routine. If the interrupt enable flag (xxxlE) is set, a regular interrupt is gener- 
ated after the automatic transfer ends. 
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13-1-2 Functions 


Table 13-1-1 and 13-1-2 provide a list of the ATC trigger factors and transfer modes. 
BATC Trigger Factors 


Table 13-1-1 ATC Trigger Factors 





External interrupt 0 





External interrupt 1 


Timer 2 interrupt 





Timer 4 interrupt 





Trigger Factors — ; 
Serial interface 0 interrupt 





Serial interface 1 interrupt 





Serial interface 2 interrupt 


A/D converter interrupt 














BATC Transfer Modes 


Table 13-1-2 Transfer Modes 


Transfer Mode Hareier — Hanisier target Transfer Direction 
unit address pointer 
Transfer mode 0 ae Memory — Special register 
xe 
eee mode 1 Special register + Memory 


fore rose mode 2 cee ea — Special register 
Increment 
| Transfer mode 3 | mode 3 | Special register > Memory | register Memory 


Memory — Special register 


Increment 
Special register + Memory 


eres. mode 6 


| Transfer mode 7 | mode 7 





ieee mode 4 =e rere — Special register 
Ixe 
iatee mode 5 1 word | Special register > Memory | register + Memory 
(2 bytes) 
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13-1-3 Block Diagram 


BATC Block Diagram 
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13-2 Control Registers 


13-2-1 Registers List 
Table 13-2-1 shows the registers used to control ATC. 


Table 13-2-1 ATC Control Registers 











Register Address | R/W Function Page 
ATMD x'03FA0' RW {ATC control register Xlll- 6 
ATCNT xX'03FA1' R/W | Transfer data counter XIll - 7 





ATC |ATTAPL xX'03FA2' R/W |Data transfer target address pointer (lower 8 bits) | XIll- 7 
ATTAPH x'03FA3' R/W |Data transfer target address pointer (upper 8 bits) | XIll- 7 
ATIAP xX'03FA4' R/W |Data transfer internal address pointer XIll - 7 
































R/W : Readable / Writable 
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13-2-2 Registers 


BATC Register (ATMD) 
This readable and writable 8-bit register controls the automatic data transfer control function. 




























































































7 6 5 4 3 2 1 0 
ATMD Reserved] ATEN |ATWID| ATDIR|ATINC | ATIR2 | ATIR1 | ATIRO (at reset: 000 XXXXX) 
ATIR2 | ATIR1 | ATIRO | ATC trigger 
factor settings 
0 0 AD converter interrupt 
0 1 Serial interface 0 interrupt 
0 Serial interface 1 interrupt 
: 1 Serial interface 2 interrupt 
0 0 Timer 2 interrupt 
1 Timer 4 interrupt 
: 0 {External interrupt IRQO 
/ 1 External interrupt IRQ1 
Noh aaa 
0 fixed 
increment 














ATDIR | ATC transfer direction 





0 Memory —> Special register 
Special register — Memory 

















ATWID}] ATC transfer unit 





0 Byte (8-bit) transfer 
Word (16-bit) transfer 

















ATEN | ATC transfer enable 





0 Disable ATC transfer 








Enable ATC transfer 











Reserved] Set always to "0". 














Figure 13-2-1 ATC Register (ATMD : x'03FA0', R/W) 
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Transfer Data Counter (ATCNT) 
This 8-bit readable and writable register sets the total number of bytes of the data transfer. The contents 
of ATCNT are decremented (-1) at each 1 byte transfer. When the value of ATCNT reaches at x'00', an 
automatic data transfer interrupt (ATCIRQ) is generated, and the ATC trnasfer enabled flag (ATEN) is 
cleared to "0" to complete the transfer. 


7 6 5 4 3 2 1 0 





ATCNT ATCNT7/ATCNT6ATCNTS|ATCNT4/ATCNTSATCNT2ZATCNT1|ATCNTO (at reset: X XX XXXXX) 



































The number of data for transfer are set in byte units 
ATCNT7 to 0 | (In word transfer mode, the transfer count is the number of words x 2). 
If 256 transfers are desired, set the register to "0". 




















Figure 13-2-2 Transfer Data Counter (ATCNT : x'03FA1', R/W) 


mData Transfer Target Address Pointer (ATTAP) 
These registers are readable and writable register to specify the address of the transfer target to a 


memory space. 


7 6 5 4 3 2 1 0 




















ATTAPL — |ATTAP7|ATTAP6/ATTAPSIATTAP4|ATTAP3|ATTAP2/ATTAP1 |ATTAPO (at reset: XXX XXXXX) 














Figure 13-2-3 Data Transfer Target Address Pointer : Lower 8 bits (ATTAPL : x'03FA2', R/W) 


7 6 5 4 3 2 1 0 





ATTAPH _|ATTAPI5|ATTAP14)ATTAP13|ATTAP12)ATTAP1 1 ATTAP10|ATTAP9 |ATTAP8 (at reset:X XXXXXXX) 





























Figure 13-2-4 Data Transfer Target Address Pointer : Upper 8 bits (ATTAPH : x'03FA3', R/W) 


Data Transfer Internal Address Pointer (ATIAP) 
This register is readable and writable register to specify the address of the lower 8 bits to an internal 


special function register space. 


7 6 5 4 3 2 1 0 














ATIAP ATIAP7|ATIAP6]ATIAP5|ATIAP4| ATIAP3] ATIAP2] ATIAP1/ATIAPO (at reset: XX XXXXXX) 

















Figure 13-2-5 Data Transfer Internal Address Pointer : Lower 8 bits (ATIAP : x'03FA4', R/W) 
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13-3 Operation 


13-3-1 Basic Operations and Timing 


ATC1 is a DMA block that enables the hardware to transfer the entire memory space (256 KB). This 
section provides a description of and timing for the basic ATC1 operations. 
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ATCIRQ 





Load cycle Store cycle | 
">_> 


' Byte data transfer cycle | 
=< 


Figure 13-3-1 ATC Timing Chart 


BATC activation and internal bus acquisition 

ATC activates when the selected interrupt factor occurs. Select the ATC trigger factor from the auto- 
matic data transfer control register (ATMD). 

When ATC starts, the ATC controller asserts the BREQ signal, which requests the MCU core to release 
the bus. When the core receives the BREQ signal, it stops all normal executions, even if it is in the middle 
of executing an instruction, and releases the bus at the next available timing. The core takes a maximum 
of four cycles from the time it receives the BREQ signal until it actually releases the bus. After it releases 
the internal bus, the core returns the bus granted signal, BGRNT, to ATC. ATC can then begin using the 
bus to transfer data. 


When an external interrupt is selected as an ATC trigger factor, specify the activation valid 
edge by the REDGn flag of the external interrupt control register. 


[a Chapter 3 3-3. External interrupts] 











C Set the valid edge for external interrupts before ATC activates. 
| 
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Data transfer 

The basic ATC operation cycle is the "byte-data transfer cycle", in which ATC1 transfers a single byte 
of data. This operation consists of two instruction cycles, a load and a store cycle. In the load cycle, 
ATC reads the data from the source address of the source memory, and in the store cycle, ATC stores 
the read data to the destination address of the destination memory. 

ATC transfers word-length data by repeating the byte-data transfer cycle two times. 


Transfer end 

Once it has transferred all the data, ATC generates an interrupt (ATCIRQ) and stop the automatic 
transfer. In this way, the ATC block automatically transfers data in a continuous DMA operation without 
the need of software control. 





In both the load and store cycles, the read and write access occurs to the memory exactly as 
it does in a normal instruction execution. This means that the access timing is different de- 
pending on memory space. Also, the wait settings for I/O and external memory spaces is 
enabled. The following is the access timing for each memory space, assuming no-wait situa- 








tion. 
- Internal ROM/RAM space 2 cycles 
- External memory space 2 cycles 
- I/O space (special registers) 3 cycles 
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13-3-2 Setting the Memory Address 


Seiting the transfer addresses 

The address of the memory space which is automatically data-transferred by ATC should be set in the 
data transfer target address pointer (ATTAPH, ATTAPL) and the address of the special register should 
be set in the data transfer internal address pointer (ATIAP). In each transfer mode, one of those pointer 
is the source address, and another is the destination address. 


Data transfer target address pointer functions 

Data transfer target address pointer is comprised of two 8-bit registers, ATTAPH and ATTAPL. ATTAPH 
holds upper 8 bits of the 16-bit address, ATTAPL contains lower 8 bits. The 16-bit address set in the data 
transfer target address pointer points to a specific address in the memory space (x'0000' to x'FFFF') of 
64 KB. 

Data transfer target address pointer also contains a computational function that enables it to increment 
the address based on the transfer mode. 


=Data transfer internal address pointer functions 

Data transfer internal address pointer is comprised of 8-bit register, ATIAP, holds the 8-bit address. The 
8-bit address set in the data transfer internal address pointer points to the address of lower 8 bits in the 
special register space (x'3F00' to x'3FFF’). 


13-3-3 Setting the Data Transfer Count 


m@Transfer data counter (ATCNT) function 

The data transfer count is preset by ATC. Set the value in the transfer data counter (ATCNT). The 
transfer data counter decrements everytime when ATC transfers one byte of data. 

When the counter reaches x'00' after a data transfer, ATC generates an interrupt (ATCIRQ). 

The transfer counter can be set up to 256 transfers (Set x'00' to the counter.). 

The value in the transfer data counter is indeterminate at reset. Initialize the ATCNT before activating 
ATC. 
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13-3-4 Setting the Data Transfer Modes 


=Data transfer modes 
There are eight transfer modes of ATC transfer. [ @ Chapter 13. 13-1-2 ATC Transfer Modes ] 


Set the transfer mode in the automatic data transfer control register (ATMD). 

When the transfer ends, in each transfer mode descrements the value set in the transfer data counter 
(ATCNT), and bus control returns to the MCU core. This operation repeats until the transfer data counter 
reaches x'00'. When the transfer data counter reaches x'00', ATC completes the final data transfer, then 
generates an interrupt (ATCIRQ). 

For instance, if the initial transfer data counter value is x'05', and the ATC activation factor is set to a 
timer 0 interrupt, ATC is activated each time timer 0 overflows and the automatic transfer begins. After 
fifth data transfer (activated by fifth timer 0 overflow) is complete, the transfer counter value becomes 
x'00', and ATC interrupt occurs, then the ATC transfer enable flag (ATEN) is cleared to "0", and the 
operation ends. After this point, overflow of timer 0 do not activate ATC. 
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13-3-5 Transfer Mode 0 


In transfer mode 0, ATC automatically transfers one byte of data from any memory space to the I/O 
space (special registers : x'3F00' - x'3FFF') every time an ATC activation request occurs. 


























Data Transfer Target Address Pointer Data Transfer Internal Address Pointer 
0000 to FFFF 3F00 to 3FFF 
le ATIAP 
ATTAP 
ATTAP + 1 
ATTAP +2 
ATTAP +3 























Figure 13-3-2 Transfer Mode 0 


Set the source address in the 16-bit data transfer target address pointer (ATTAPH, ATTAPL), and set 
the destination I/O address in the data transfer internal address pointer (ATIAP). The upper bits of the 
I/O space address (x'03F') need not to be set in ATIAP. 


Transfer mode 0 does not have an incrementing function, and executes data transfer of fixed address. 
Set the data transfer count for ATC to the transfer data counter (ATCNT). Up to 256 transfers can be 


set to the counter. The counter decrement is occurred every time ATC is activated. When it reaches 
x'00'", an interrupt occurs and the automatic transfer ends. 


#Automatic data transfer control register (ATMD) setup 


7 6 5 4 3 2 1 0 





ATIR1 | ATIRO 























ATMD Reserved) ATEN Jarmo aroiR|ATING ATIR2 








0 1 0 0 0 selection 
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13-3-6 Transfer Mode 1 


In transfer mode 1, ATC automatically transfers one byte of data from the I/O space (special registers : 
x'3F00' - x'3FFF') to any memory space every time an ATC activation request occurs. 


























Data Transfer Target Address Pointer Data Transfer Internal Address Pointer 
0000 to FFFF 3F00 to 3FFF 
L See ATIAP 
ATTAP 
ATTAP + 1 
ATTAP +2 
ATTAP +3 























Figure 13-3-3 Transfer Mode 1 


Set the source I/O address in the data transfer internal address pointer (ATIAP), and set the destination 
address in the 16-bit data transfer target address pointer (ATTAPH, ATTAPL). The upper bits of the I/O 
space address (x'03F') need not to be set in ATIAP. 


Transfer mode 1 does not have an incrementing function, and executes data transfer of fixed address. 
Set the data transfer count for ATC to the transfer data counter (ATCNT). Up to 256 transfers can be set 


to the counter. The counter decrement is occurred every time ATC is activated. When it reaches x'00'", an 
interrupt occurs and the automatic transfer ends. 


#Automatic data transfer control register (ATMD) setup 


7 6 5 4 3 2 1 0 





ATIR1 | ATIRO 























ATMD Reserved) ATEN larwio aroir|ATING ATIR2 








0 1 0 1 0 selection 
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13-3-7 Transfer Mode 2 


In transfer mode 2, ATC automatically transfers one byte of data from any memory space to the I/O 
space (special registers : x'3F00' - x'3FFF') every time an ATC activation request occurs. 





Data Transfer Target Address Pointer Data Transfer Internal Address Pointer 
0000 to FFFF 3F00 to 3FFF 


ee ATIAP 
ATTAP 


(2) G ATTAP +1 
ATTAP +2 


ATTAP +3 












































Figure 13-3-4 Transfer Mode 2 


Set the source address in the 16-bit data transfer target address pointer (ATTAPH, ATTAPL), and set 
the destination I/O address in the data transfer internal address pointer (ATIAP). The upper bits of the I/ 
O space address (x'03F') are need not to be set in ATIAP. 


In transfer mode 2, the value in the data transfer target address pointer is incremented every time one 
byte-length data transfer ends. As a result, the source address for the next transfer activated by the next 
ATC is one address higher than that for the previous transfer. 


Set the data transfer count for ATC to the transfer data counter (ATCNT). Up to 256 transfers can be set 
to the counter. The counter decrement is occurred every time ATC is activated. When it reaches x'00'", an 
interrupt occurs and the automatic transfer ends. 


BAutomatic data transfer control register (ATMD) setup 


7 6 5 4 3 2 1 0 





ATMD Reserved ATIRO 























ATEN arwio|aToIR atine |arin2 ATIR1 








0 1 0 0 1 selection 
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In transfer mode 3, ATC automatically transfers one byte of data from the I/O space (special registers : 
x'3F00' - x'3FFF') to any memory space every time an ATC activation request occurs. 





Data Transfer Target Address Pointer 
0000 to FFFF 





1 





ATTAP 





(2) G ATTAP +1 
ATTAP +2 


ATTAP +3 

















Data Transfer Internal Address Pointer 


3F00 to 3FFF 














le Mea | ATIAP 








Figure 13-3-5 Transfer Mode 3 


Set the source I/O address in the data transfer internal address pointer (ATIAP), and set the destination 
address in the 16-bit data transfer target address pointer (ATTAPH, ATTAPL). The upper bits of the I/O 
space address (x'03F') need not to be set in ATIAP. 


In transfer mode 3, the value in the data transfer internal address pointer is incremented every time one 
byte-length data transfer ends. As a result, the destination address for the next transfer activated by the 
next ATC is one address higher than that for the previous transfer. 


Set the data transfer count for ATC to the transfer data counter (ATCNT). Up to 256 transfers can be set 
to the counter. The counter decrement is occurred every time ATC is activated. When it reaches x'00', 
an interrupt occurs and the automatic transfer ends. 


#Automatic data transfer control register (ATMD) setup 
































7 6 5 4 3 2 1 0 
ATMD Reserved] ATEN larwo aroiR|ATING ATIR2]ATIR1 | ATIRO 
0 1 0 1 1 selection 
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13-3-9 Transfer Mode 4 


In transfer mode 4, ATC automatically transfers two bytes (one word) of data from any memory space to 
the I/O space (special registers : x'3F00' - x'83FFF') every time an ATC activation request occurs. 


























Data Transfer Target Address Pointer Data Transfer Internal Address Pointer 
0000 to FFFF 3F00 to 3FFF 
Lee ATIAP (even) 
ATTAP(even) 3 n @) Se 
ATIAP + 1 (odd) 
(4) Cc 2G ATTAP + 1 (odd) 





ATTAP + 2 (even) 
ATTAP + 3 (odd) 





























Figure 13-3-6 Transfer Mode 4 


Set the source address to the 16-bit data transfer target address pointer (ATTAPH, ATTAPL), and set 
the destination I/O address to the data transfer internal address pointer (ATIAP). The upper bits of the I/ 
O space address (x'03F') need not to be set in ATIAP. 


Always set an even address in the lower 8 bits of data transfer target address pointer and the 
[7] data transfer internal address pointer. In one-word transferrence, ATC only transfers the 


even address and the consecutive odd address. 














In transfer mode 4, by ATC activation, the value in the data transfer target address pointer is 
incremented when the first byte data transfer ends, and then is decremented when the second byte data 
transfer end. ATC executes the data byte transfer twice to send one data word. As a result, the source 
address for the next data transfer by the next ATC activation becomes the first setting address. 


In this word-length transfer, ATC transfers the first data byte to an even address of the I/O space and the 
second data byte to an odd address in the I/O space. 


Set the data transfer count for ATC in the transfer data counter (ATCNT) by increments of one byte 
(transfer word count x 2). The counter can be set up to 256 transfers. The counter decrements every 
time ATC is activated (after each word transfer). When it reaches x'00'", an interrupt occurs and the 
automatic transfer ends. 


Automatic data transfer control register (ATMD) setup 


7 6 5 4 3 2 1 0 


























ATMD Reserved] ATEN arwio|aToIR atine |arin2 ATIR1 | ATIRO 








0 1 1 0 0 selection 
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In transfer mode 5, ATC automatically transfers two bytes (one word) of data from the I/O space (special 
registers : x'3F0O' - x'83FFF') to any memory space every time an ATC activation request occurs. 





0000 to FFFF 


Data Transfer Target Address Pointer 








ATTAP (even) 





(4) Cc (2) G 


ATTAP + 1 (odd) 





ATTAP + 2 (even) 





ATTAP + 3 (odd) 




















(1) ATIAP (even) 
_, rer Da Se 
ee aa ATIAP + 1 (odd) » 


Data Transfer Internal Address Pointer 
3F00 to 3FFF 























Figure 13-3-7 Transfer Mode 5 


Set the source I/O address to the data transfer internal address pointer (ATIAP), and set the destination 
address to the 16-bit data transfer target address pointer (ATTAPH, ATTAPL). The upper bits of the I/O 
space address (x'03F') need not to be set in ATIAP. 








Always set an even address to the lower 8 bits of data transfer target address pointer and the 
kd data transfer internal address pointer. In one-word transferrence, ATC only transfers the 


even address and the consecutive odd address. 








In transfer mode 5, by ATC activation, the value in the data transfer target address pointer is 
incremented when the first byte data transfer ends, and then is decremented when the second byte data 
transfer end. ATC executes the data byte transfer twice to send one data word. As a result, the source 
address for the next data transfer by the next ATC activation becomes the first setting address. 


In this word-length transfer, ATC transfers the first data byte to an even address of the I/O space and the 


second data byte to an odd address in the I/O space. 


Set the data transfer count for ATC in the transfer data counter (ATCNT) by increments of one byte 
(transfer word count x 2). The counter can be set up to 256 transfers. The counter decrements each time 
ATC is activated (after each word transfer). When it reaches x'00'", an interrupt occurs and the automatic 


transfer ends. 


Automatic data transfer control register (ATMD) setup 


ATMD 
































7 6 5 4 3 2 1 0 
Reserved} ATEN aTwio]ATOIR atine|arin2 ATIR1}ATIRO 
0 1 1 1 0 selection 


Operation XI - 17 


Chapter 13. Automatic Transfer Controller 


13-3-11 Transfer Mode 6 


In transfer mode 6, ATC automatically transfers two bytes (one word) of data from any memory space to 
the I/O space (special registers : x'3F00' - x'83FFF') every time an ATC activation request occurs. 





Data Transfer Target Address Pointer Data Transfer Internal Address Pointer 
0000 to FFFF 3F00 to 3FFF 


| ATIAP (even) 
2 
ATTAP (even) pe ) Do 


ae een ATIAP + 1( odd) 
ATTAP + 1 (odd) 


ATTAP + 2 (even) 
ATTAP + 3 (odd) 



























































Figure 13-3-8 Transfer Mode 6 


Set the source address to 16-bit data transfer target address pointer (ATTAPH, ATTAPL), and set the 
destination I/O address to the data transfer internal address pointer (ATIAP). The upper bits of the I/O 
space address (x'03F') need not to be set in ATIAP. 


Always set an even address to the lower 8 bits of data transfer target address pointer and the 
data transfer internal address pointer. In one-word transferrence, ATC only transfers the 


even address and the consecutive odd address. 














In transfer mode 6, by ATC activation, the value in the data transfer target address pointer is 
incremented every time one byte-length data transfer ends. ATC executes a data byte transfer twice, to 
send one data word. As a result, the source address for the next data transfer by the next ATC activation 
is two addresses higher than that for the previous operation. 


In this word-length transfer, ATC transfers the first data byte to an even address of the I/O space and the 
second data byte to an odd address in the I/O space. 


Set the data transfer count for ATC in the transfer data counter (ATCNT) by increments of one byte 
(transfer word count x 2). The counter can be set up to 256 transfers. The counter decrements each time 
ATC is activated (after each word transfer). When it reaches x'00'" an interrupt occurs and the automatic 
transfer ends. 


#Automatic data transfer control register (ATMD) setup 
7 6 5 4 3 2 1 0 





ATMD Reserved ATIRO 























ATEN atwio|aToIR atine |arin2 ATIR1 








0 1 1 0 1 selection 
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13-3-12 Transfer Mode 7 


In transfer mode 7, ATC automatically transfers two bytes (one word) of data to any memory space from 
the I/O space (special registers : x'03F00' - x'03FFF') every time an ATC activation request occurs. 





Data Transfer Target Address Pointer Data Transfer Internal Address Pointer 
0000 to FFFF 3F00 to 3FFF 


(1) ATIAP (even) 
eed 2) Sa 
(2) ATTAP (even) ee a ATIAP + 1 (odd) 2 De 

> ATTAP + 1 (odd) 
































ATTAP + 2 (even) 
ATTAP + 3 (odd) 





























Figure 13-3-9 Transfer Mode 7 


Set the source I/O address to the data transfer internal address pointer (ATIAP), and set the destination 
address to the 16-bit data transfer target address pointer (ATTAPH, ATTAPL). The upper bits of the I/O 
space address (x'03F') need not to be set in ATIAP. 


Always set an even address in the lower 8 bits of data transfer target address pointer and the 
data transfer internal address pointer. In one-word transferrence, ATC only transfers the 


even address and the consecutive odd address. 














In transfer mode 7, by ATC activation, the value in the data transfer target address pointer is 
incremented every time one byte-length data transfer ends. ATC executes a data byte transfer twice, to 
send one data word. As a result, the destination address for the next data transfer by the next ATC 
activation is two addresses higher than that for the previous operation. 


In this word-length transfer, ATC transfers the first data byte from an even address of the I/O space and 
the second data byte from an odd address in the I/O space. 


Set the data transfer count for ATC in the transfer data counter (ATCNT) by increments of one byte 
(transfer word count x 2). The counter can be set up to 256 transfers. The counter decrements each time 
ATC is activated (after each word transfer). When it reaches x'00'", an interrupt occurs and the automatic 
transfer ends. 


#Automatic data transfer control register (ATMD) setup 
7 6 5 4 3 2 1 0 





ATIR1 | ATIRO 























ATMD Reserved) ATEN larwo aroiR|ATING ATIR2 








0 1 1 1 1 selection 


Operation XIII - 19 


Chapter 13 Automatic Transfer Controller 


13-3-13 Setup Example 


An example setup procedure, with a description of each step is as follows ; 





Setup Procedure 


Description 





(1) Disable ATC operation. 
ATMD (x'3FA0') 
bp6 “ATEN -0 


(2) Set the data transfer mode. 
Select the trigger factor. 
ATMD (x'3FA0') 

bp2-0 :ATIR2-0 


Set the data transfer target 


ATMD (x'3FAO') 
bp3 -ATINC 


Select the transfer format. 
ATMD (x'3FA0') 
bp5 ‘-ATWID 


Select the transfer direction. 
ATMD (x'3FA0') 
bp4 ‘ATDIR 


(3) Set the transfer data count. 
ATCNT (x'3FA1') 


(4) Set the data transfer target 
address pointer. 
ATTAP (x'3FA3, x'3FA2') 


(5) Set the data transfer internal 
address pointer. 
ATIAP (x'3FA4') 





address to the increment mode. 





(1) 


Disable ATC operation by the ATEN flag of the 
ATMD register. 


Select the trigger factor by the ATIR2 - 0 
flag of the ATMD register. 


Set the data transfer target address to the 
increment mode by the ATINC flag of the ATMD 
register. 


Select the transfer format by the ATWID flag of 
the ATMD register. 


Select the transfer direction by the ATDIR flag of 
the ATMD register. 


Set the ATC data transfer data count in the 
ATCNT register. 
Set the data transfer target address pointer in 


the ATTAP register. 


Set the data transfer internal address pointer in 
the ATIAP register. 
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Setup Procedure 


Description 





(6) Enable ATC operation. 
ATMD (x'3FA0') 
bp6 “ATEN 





= 1 





(6) Enable ATC data transfers with the ATEN flag 
of the ATMD register. 








The transfer is started when the trigger factor set in (3) is generated. 
After the transfer ends, the automatic data transfer interrupt (ATCIRQ) is generated. And at the same 
time, the ATEN flag of the ATMD register is cleared to "0". 
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14-1 Overview 


This LSI has an A/D converter with 10 bits resolution. That has a built-in sample hold circuit, and the 
analog input can be switched channel 0 to 7 (ANO to AN7). As A/D converter is stopped, the power 
consumption can be reduced by a built-in ladder resistance. 


14-1-1 Functions 


Table 14-1-1 shows the A/D converter functions. 


Table 14-1-1 A/D Converter Functions 














A/D input pins 8 pins 
Pins AN7 to ANO 
Interrupt ADIRQ 
Resolution 10 bits 





Conversion time (min.) |9.6 us (as TAD =800 ns) 





Input range VREF- to VREF+ 


Built-in ladder resistance 


Power consumption (ON/OFF) 

















C Keep reference voltage between Vrer+ and Vrer- above 2 V. 
Ls) 
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14-1-2 Block Diagram 








ANCTR1 























Chapter 14 A/D Converter 

















































































































































































































7 ANBUF1 ANBUFO 
: ANBUF10|° - 0 
: ANBUF11 - 
g ANBUF12 - 
ANCTRO 0 : ANBUF13 - 
|ANCHSO | AD ANBUF14 : 
ANCHS1 ANST_[¢-————"? conversion ANBUF15 - 
|ANCHS2 |— ANBUF16| [ANBUFO6 
pee ANBUF17|7 [ANBUFO7|7 
ANCKO iN A 
ANCK1 
ANSHO 
ANSH1 |> 3 
VREF + RS 
e— Vi 
ANO —| 
AN1 ——> F 
2 2 A/D conversion data 
AN2 —+| y upper 8 bits 
AN3 —+| y Sample and 10 bits A/D 
AN4 _ —~> comparator 
AN x nm ee A/D conversion data 
5. lower 2 bits 
AN6 —» 
AN7 —» 
VREF - 
fs/2 
fs/4 M 
fs/8 U e | 1/2 | 
M 
Xx 
Kx 2 ~ 1/6 |-»| U 
[" x 
~1/187 "| 
Figure 14-1-1 A/D Converter Block Diagram 
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14-2 Control Registers 


A/D converter consists of the control register (ANCTRn) and the data storage buffer (ANBUFn). 


14-2-1 


Registers 


Table 14-2-1 shows the registers used to control A/D converter. 









































Table 14-2-1 A/D Converter Control Registers 
Register Address R/W Function Page 
ANCTRO x'03F90' R/W A/D converter control register 0 XIV -5 
ANCTR1 x'03F91' R/W A/D converter control register 1 XIV -6 
ANBUFO X'03F92' R A/D buffer 0 XW -7 
ANBUF1 X'03F93' R A/D buffer 1 XW -7 
ADICR X'03FEA' R/W A/D converter interrupt control register Ill - 32 
PAIMD X'03F3A' R/W Port A input mode register IV - 46 
PAPLUD X'03F4A' R/W Port A pull-up/pull-down resistance control register IV - 46 





R/W : Readable/Writable 
R : Readable only 
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14-2-2 Control Registers 


A/D Converter Control Register 0 (ANCTRO) 


7 6 5 4 3 2 1 0 





(At reset: XX XXOXXX) 




















ANCTRO ANSH1 | ANSHO | ANCK1 | ANCKO |ANLADE avs |aNous ANCHSO 






































a ee: ANCHS1) ANCHS0} Analog input selection 
0 0 ANO 
1 AN1 
0 
1 0 AN2 
1 AN3 
0 0 AN4 
i 1 AN5 
, 0 AN6 
1 AN7 























ANLADE A/D ladder resistance control 





0 A/D ladder resistance OFF 
A/D ladder resistance ON 

















ANCK1|ANCKO| A/D conversion clock (ftad=1/TAb) 


























0 fs/2 
: 1 fs/4 
1 0 fs/8 
1 fx x 2 





*as 800 ns < TAD< 15.26 us 








ANSH1 | ANSHO] Sample and hold time 





























0 TaD xX 2 
e 1 Tap x 6 
1 0 Tap x 18 
1 Not to use 





* Sampling and holding time is decided by 
the input impedance at analog input. 
Tap means the cycle for A/D conversion clock. 


Figure 14-2-1 A/D Converter Control Register 0 (ANCTRO : x'03F90", R/W) 
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A/D Converter Control Register 1 (ANCTR1) 





















































7 6 5 4 3 2 1 0 
(At reset :0------- ) 
ANCTR1 ANST] - = : - - 
ANST A/D conversion status 
0 A/D conversion is completed, stopped. 
1 A/D conversion is started, in progress. 








Figure 14-2-2 A/D Converter Control Register 1 (ANCTR1 : x'03F91', R/W) 
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14-2-3 A/D Buffers 


They are reading only registers that stores result of A/D conversion. 


A/D Buffer 0 (ANBUFO) 
The lower 2 bits from the result of A/D conversion are stored to this register. 


7 6 5 4 3 2 1 0 























ANBUFO pura pure : - | . - | : : (ai reset? XXens<-2 ) 





Figure 14-2-3 A/D Buffer 0 (ANBUFO : x'03F92', R) 


A/D Buffer 1 (ANBUF 1) 
The upper 8 bits from the result of A/D conversion are stored to this register. 


7 6 5 4 3 2 1 0 








ANBUF1 ANBUF17 |ANBUF16|ANBUF15 jnaurt|aNauer aur NeLF ANBUF 10 (atreset:XXXXXXXX) 




















Figure 14-2-4 A/D Buffer 1 (ANBUF1 : x'03F93', R) 
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14-3 Operation 


Here is a description of A/D converter circuit setup procedure. 


(1) 


XIV -8 


Set the analog pins. 

Set the analog input pin, set in (2), to "special function pin" by the port A input mode register 

(PAIMD). 

* Setup for the port A input mode register should be done before analog voltage is put 
to pins. 

Select the analog input pin. 

Select the analog input pin from AN7 to ANO (PA7 to PAO) by the ANCHS2 to ANCHS0O flag of 

the A/D converter control register 0 (ANCTRO). 

Select the A/D converter clock. 

Select the A/D converter clock by the ANCK1, ANCKO flag of the A/D converter control 

register 0 (ANCTRO). 

Keep the converter clock (TAD) under 800 ns with a resonator. 

Set the sample hold time. 

Set the sample hold time by the ANSH1, ANSHO flag of the A/D converter control register 0 

(ANCTRO). The sample hold time should be based on analog input impedance. 

Set the A/D ladder resistance. 

Set the ANLADE flag of the A/D converter control register 0 (ANCTRO) to "1", and a current 

flow through the ladder resistance and A/D converter goes into the waiting. 

* (2) to (5) are not in order. (3), (4) and (5) can be operated simultaneously. 

Start the A/D conversion. 

Set the ANST flag of the A/D converter control register 1 (ANCTR1) to "1" to start A/D 

converter. 

A/D conversion 

Each bit of the A/D buffer 0, 1 is generated after sampled in the sample and hold time set in (3). 

Each bit is generated in sequence from MSB to LSB. 

Complete the A/D conversion. 

When A/D conversion has finished, the ANST flag is cleared to "0", and the result of the 

conversion is stored to the A/D buffer (ANBUFO, 1). At the same time, the A/D complete 

interrupt request (ADIRQ) is generated. 


Operation 
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A/D conversion clock 


ANST flag 


| 
I 
A/D conversion start A/D conversion complete 


Ts ar i 
i < { »! 
Sampling Hold 

















A/D conversion 
. _ bit 8 comparison : : 
bit 9 comparison bit 0 comparison 


( 
) 


bit 9 bit 8 bit 1 bit 0 


Determine Determine Determine Determine 





( 2 | 
|__ 


* This example is as sampling and hold time is TAD x 2. 


A/D interrupt (ADIRQ) 





Figure 14-3-1 Operation of A/D Conversion 





To read the value of the A/D conversion, A/D conversion should be done several times to 
prevent noise error by confirming the match of level by program, or by using the average 


value. 
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14-3-1 Setup 


BInput Pins of A/D Converter Setup 
Input pins for A/D converter is selected by the ANCH2 to 0 flag of the ANCTRO register. 









































Table 14-3-1 Input Pins of A/D Converter Setup 
ANCHS2]| ANCHS1| ANCHSO A/D pin 
0 ANO pin 
: 1 AN1 pin 
: 0 AN2 pin 
' 1 AN3 pin 
0 AN4 pin 
1 AN5 pin 
0 AN6 pin 
1 AN7 pin 








Clock of A/D Converter Setup 
The A/D converter clock is set by the ANCK1 to 0 flag of the ANCTRO register. Set the A/D converter 
clock (TAD) more than 800 ns and less than 15.26 us. Table 14-3-2 shows the machine clock (fosc, fx, 
fs) and the A/D converter clock (TAD). (calculated as fs = fosc/2, fx/4) 


Table 14-3-2 A/D Conversion Clock and A/D Conversion Cycle 






































A/D conversion cycle (TAD) 

ANCK1 | ANCKO |A/D conversion clock at oscillation for high speed a aa ow 
at fosc=20 MHz | at fosc=8.38 MHz] at fx=32.768 kHz 

fs/2 200.00 ns 477.33 ns 244.14 us 

‘i (unusable) (unusable ) (unusable ) 

400.00ns 488.28 us 

ask (unusable) pea cols (unusable ) 

fs/8 800.00 ns 1.91 us eto ps 

1 (unusable ) 

fK x 2 15.26 us 15.26 us 15.26 us 











BSampling Time (Ts) of A/D Converter Setup 
The sampling time of A/D converter is set by the ANSH1 to 0 flag of the ANCTRO register. The sampling 
time of A/D converter depends on external circuit, so set the right value by analog input impedance. 


Table 14-3-3 Sampling Time of A/D Conversion and A/D Conversion Time 






































ANSH1 | ANSHO Sampling time A/D conversion time 
(Ts) at TAD=800 ns | at TAD=954.65 ns| at TAD=1.91 us | at TAD=15.26 us 
0 TAD x2 9.60 us 11.46 us 22.92 US 183.12 us 
z 1 TAD x 6 12.80 us 15.27 us 30.56 Us 244.16 us 
‘ 0 TAD x 18 22.40 Us 26.73 US 53.48 Us 427.28 Us 
1 Reserved - - ; 7 
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Built-in Ladder Resistor Control 
The ANLADE flag of the ANCTRO register is set to "1" to send a current to the ladder resistance for A/ 
D conversion. As A/D converter is stopped, the ANLADE flag of the ANCTRO register is set to "0" to save 


the power consumption. 


Table 14-3-4 A/D Ladder Resistor Control 














ANLADE A/D ladder resistance control 
0 A/D ladder resistance OFF (A/D conversion stopped) 
1 A/D ladder resistance ON (A/D conversion stopped) 











A/D Conversion Starting Setup 

A/D conversion starting is set by the ANST flag of the ANCTR1 register. The ANST flag of the ANCTR1 
register is set to "1" to start A/D conversion. Also, the ANST flag of the ANCTR1 register is set to "1" 
during A/D conversion, then cleared to "0" as the A/D conversion complete interrupt is generated. 


Table 14-3-5 A/D Conversion Starting 














ANST A/D conversion status 
1 A/D conversion started or in progress. 
0 A/Dconversioncompletedor stopped. 
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14-3-2 Setup Example 


A/D Converter Setup Example by Registers 
A/D conversion is started by setting registers. The analog input pins are set to ANO, the converter clock 
is set to fs/4, and the sampling hold time is set to TAD x 6. Then, A/D conversion complete interrupt is 


generated. 
An example setup procedure, with a description of each step is shown below. 





Setup Procedure 


Description 





(1) 





Set the analog input pin. 
PAIMD (x'3F3A') 
bp0O : PAIMDO = 1 
PAPLUD (x'3F4A') 
bpO : PAPLUDO = 0 


Select the analog input pin. 
ANCTRO (x'3F90') 
bp2-0 : ANCHS2-0 = 000 


Select the A/D converter clock. 


ANCTRO (x'3F90') 
bp5-4 : ANCK1-0 = 01 


Set the sample and hold time. 
ANCTRO (x'3F90') 
bp7-6 : ANSH1-0 = 01 


Set the interrupt level. 
ADICR (x'3FEA’') 
bp7-6 : ADLV1-0 = 00 


Enable the interrupt. 
ADICR (x'3FEA’) 
bp1 : ADIE = 1 


Set the A/D ladder resistance. 
ANCTRO (x'3F90') 
bp3 : ANLADE = 1 





(1) 


Set the analog input pin, set in (2), to the special 
function pin by the port A input mode register 
(PAIMD). Also, set no pull-up/pull-down 
resistance by the port A pull-up/pull-down 
resistance control register (PAPLUD). 


Set the ANO (PAO) to the analog input pin by 
setting the ANCHS2-0 flag of the A/D converter 
control register 0 (ANCTRO) to "000". 


Set the fs/4 to the A/D converter clock by setting 
the ANCK1, ANCKO flag of the A/D converter 
control register 0 (ANCTRO) to "01". 


Set the TAD x 6 to the sample and hold time by 
setting the ANSH1, ANSHO flag of the A/D 
converter control register 0 (ANCTRO) to "01". 


Set the interrupt level by the ADLV1-0 flag of the 
A/D conversion complete interrupt control 
register (ADICR). If any interrupt request flag 


had already been set, clear it. 
[a Chapter 3. 3-1-4 Interrupt Flag Setting ] 


Enable the interrupt by setting the ADIE flag 
of the ADICR register to "1". 


Set the ANLADE flag of the A/D converter 
control register 0 (ANCTRO) to "1" to send a 
current to the ladder resistance for the A/D 
conversion. 
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Setup Procedure Description 

(8) Start the A/D conversion. (8) Set the ANST flag of the A/D converter control 
ANCTRY1 (x'3F91') register 1 (ANCTR1) to "1" to start the A/D 

bp7 : ANST = 1 conversion. 

(9) Complete the A/D conversion. (9) When the A/D conversion has finished, the A/D 
ANBUFO (x'3F92') conversion complete interrupt is generated 
ANBUF1 (x'3F93') and the ANST flag of the A/D converter control 

register 1 (ANCTR1) is cleared to "0". The 
result of the conversion is stored to the A/D 
converter buffer (ANBUFO, 1). 














Note : The above (2) to (4) can be set at once. 


Start the A/D conversion after the current flowing through the ladder resistors stabilizes. The 
wait time should be decided by the calculated time from the ladder resistance (max. 80 kQ) 


and the external bypass capacitor connected between Vrer+ and VReF-. 
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14-3-3 Cautions 


Since conversion can be damaged by noise easily, antinoise measures are necessary. 


#Antinoise measures 
For A/D input (analog input pin), add condenser near the VSs pins of micro controller. 


Digital Vop 
Analog Vpb 

















—| VbD Vss sa 
VREF+ 


ANOo ap Power supply 
to oa 
‘a Digital Vss 











AN7 
VREF- Analog Vss 




















Set near the Vss pin 


Figure 14-3-2 A/D Converter Recommended Example 1 























VbD 
Vop Vss Vss 
VREF+| 
ANO Power supply 
to 
AN7 
VREF- \ ) 








Set near the Vss pin 


Figure 14-3-3 A/D Converter Recommended Example 2 
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kept. 

1. The input impedance R of A/D input pin should be under 500 kQ”, and the external 
capacitor C (more than 1000 pF, under 1 uF)". 

2. The A/D conversion frequency should be set with consideration of R, C time constant. 

3. At the A/D conversion, if the input level of micro controller is changed, or the 
peripheral added circuit is switched to ON/OFF, the A/D conversion may work 
wrongly, because the analog input pins and power pins does not fix. At the check of 
the setup, confirm the wave form of analog input pins. 


For high precision of A/D conversion, the following cautions on A/D converter should be 
a 


Equivalent circuit block that 











outputs analog signal microcontroller 
R | 

\M\y e A/D input pin 
ra ss 
7/7 7/7 

Lea ccee eee hat eeee ko Vss incest teen ek 
1 wF>C>1000 pF *1 
as R<500 kQ “1 : That value is for reference. 


Recommend Connection with A/D Converter 
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15-1 EPROM Version 


15-1-1 Overview 


EPROM version is microcomputer which was replaced the mask ROM of the MN101C51F with an elec- 
tronically programmable EPROM. We offer MN101CP28LAL and PX-AP101C28-FAC for MN101C51F. 


The MN101CP28LAL is sealed in plastic. Once data is written to the internal EPROM, it cannot be 
erased. The PX-AP101C28-FAC is sealed in a ceramic package with a window. Written data can be 
erased by exposing the physical chip to intense ultraviolet radiation. We offer the PX-AP101C28-FAC for 
a 80-pin flat package. 


Setting the EPROM version to EPROM mode, functions as a microcomputer are halted, and the internal 
EPROM can be programmed. For EPROM mode pin connection, refer to figure 15-1-2, Programming 
Adapter Connection. 


The specification for writing to the internal EPROM are the same as for a general-purpose 1 M-bit 
EPROM (Vep=12.5 V, tpw=0.2 ms). Therefore, by using a dedicated programming adapter (supplied by 
Panasonic) which can convert the 80 pin of the EPROM version to the 32 pin which has the same 
configuration as a normal EPROM, a general-purpose ROM writer can be used to perform read and write 
operations. 


The EPROM Version is described on the following items : 
- Cautions on use of the internal EPROM 
- Erasing Data in Windowed Package (PX-AP101C28-FAC) 
- Differences between mask ROM version and EPROM version 
- Writing to the Microcomputer with internal EPROM 
- Cautions on handling a ROM writer 
- Programming Adapter Connection 
- Option bit 
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15-1-2 Cautions on Use 


EPROM Version differs from the MN101C51F Mask ROM Version in some of its electrical characteris- 
tics. The user should be aware of the following cautions : 


(1) To prevent data from being erased by ultraviolet light after a program is written, affix seals 
impermeable to UV rays to the glass sections at the top and side sections of the CPU. 
(PX-AP101C28-FAC) 


(2) Because of device characteristics of the MN101CP28LAL, a writing test cannot be performed on all 
bits. Therefore, the reliability of data writing may not be 100% ensured. 


(3) When a program is being written, be sure that Vop power supply (6 V) is connected before applying 
the Ver power supply (12.5 V). Disconnect the Ver supply before disconnecting the Vop supply. 


(4) Ver should never exceed 13.5 V including overshoot. 
(5) If a device is removed while a Ver of +12.5 V is applied, device reliability may be damaged. 
(6) At NCE=Vi, do not change Vpp from Vit to +12.5 V or from +12.5 V to Vit. 


(7) After a program is written, screening at a high temperature storage before mounting is recom- 


mended. 
Program/Read 


J 


High temperature storage 


125 °C - 48h 





L 
L 


Mounting 
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15-1-3. Erasing Data in Windowed Package 
(PX-AP101C28-FAC) 


To erase data of an internal EPROM with windowed packaging ("0" > "1"), UV light at 253.7 nm is used 
to irradiate the chip through a permeable cover. 


The recommended exposure is 10 W-s/cm?. This coverage can be achieved by using a commercial UV 
lamp positioned 2 to 3 cm above the package for 14 - 20 minutes ( when the illumination intensity of the 
package surface is 12000 nt.W/cm?’). Remove any filters attached to the lamp. With a mirrored reflector 
plate to the lamp, illumination intensity will increase 1.4 to 1.8 times, and decrease the erasure time. 


If the window becomes dirty with oil, adhesive, etc., UV light permeability will get worse, causing the 
erasure time to increase. If this happens, clean with alcohol or another solvent that will not harm the 
package. The above recommended exposure has enough leeway, with several times as much as it takes 
to erase all the bits. It is based on the reliable data over all temperature and voltage. The lump and the 
level of illumination should be regularly checked and well controlled. 


Data in internal EPROM with windowed packaging is erased by applying a light that the wavelength is 
shorter than 400 nm. Fluorescent lamp and sunlight are not able to erase data as much as UV light of 
253.7 nm is, but those light sources are also able to erase data more or less. To expose those light 
sources for a long while can damage its system. To prevent this, cover the window with an opaque label. 


If the wavelength is longer than 400 nm to 500 nm, data can not be erased. However, because of typical 
semiconductor characteristics, the circuit may malfunction if the chip is exposed to an extremely high 
illumination intensity. The chip will operate normally if this exposure is stopped. However, for areas 
where it is continuous, take necessary precautions against the light that the wavelength is longer than 
400 nm. 


XV -4 EPROM Version 


Chapter 15 Appendices 


15-1-4 Differences between Mask ROM version and EPROM version 


The differences between the 8-bit microcomputer MN101C51F (Mask ROM version) and 
MN101CP28LAL (internal EPROM version) are as follows ; 


Table 15-1-1 Differences between Mask ROM version and internal EPROM version 


MN101C51F MN101CP28LAL 
(Mask ROM version) (EPROM version) 


2.0 V to 5.5 V(1.00 us/at2 MHz) | 2.3 V to 5.5 V(1.00 us / at 2 MHz) 


Operating vollade 2.0 V to 5.5 V (125 us/at32kHz) | 2.3 V to 5.5 V (125 us / at 32 kHz) 


Pin [Pin DC Characteristics Characteristics Output current, input current and input judge level are the same. 


Option bits (Settings for ROM option EPROM option 


eee bias Data x'1BFFF for EPROM option 

frequency) setting is used as option data. 

[ Chapter 1 Write x'FF to x'1BFFF' to provide 
. : 1-6. Option] same features of MN101C51F 


(Mask ROM version). 


The combination of oscillator and each version should be estimated to 
Oscillation characteristics match when EPROM version is changed to Mask ROM version for mass 
production. 


Ricida characterises EMC check should be done on each version when EPROM version is 
changed to Mask ROM version for mass production. 


There are no other functional differences. 
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15-1-5 Writing to Microcomputer with Internal EPROM 


The device type that set by each ROM writer should be selected the mode for writing 1 M-bit EPROM. 
Set the writing voltage to 12.5 V. 


mMounting the device in the programming adapter and the position of the No.1 pin. 






No.1 pin of the device must be 
matched to this position 





Package Product name 
80-LQFP OTP80LF14-101CP28 











No.1 Pin No.1 Pin 


eo 




















side view 7 0 


top view 











(MN101CP28LAL) (PX-AP101C28-FAC) 


Figure 15-1-1 Mounting a Device in Programming Adapter and the Position of No.1 Pin 
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BROM Writer Setup 
The device types should be set up as listed below. 


Table 15-1-2 Setup for Device Type 





Equip. name Vendor Device type Remarks 
Hitachi 27C 101 
Mitsubishi 27C 101 
Hitachi 27C 101 








Pecker30 Aval Data 




















1890A Minato Electronics 

Mitsubishi 27C 101 

Hitachi 27C 101 Do not run ID check. 
2900 Data VO 

Mitsubishi 27C 101 

Hitachi 27C101 Do not run ID check and pin connection 
ChipLab Data VO inspection. 














Mitsubishi 27C 101 





The above table is based on the standard samples. 
Please contact the nearest semiconductor design center (Refer to the sales office table attached at the 
end of the manual), when you use the other equipment. 
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15-1-6 Cautions on Operation of ROM Writer 


Cautions on Handling the ROM writer 

(1) The Ver programming voltage for the EPROM versions is 12.5 V. 
Programming with a 21 V ROM writer can lead to damage. The ROM writer specifications must 
match those for standard 1 M-bit EPROM : Ver=12.5 V ; tow=0.2 ms. 

(2) Make sure that the socket adapter matches the ROM writer socket and that the chip is correctly 
mounted in the socket adapter. Faulty connections can damage the chip. 

(3) After clearing all memory of the ROM writer, load the program to the ROM writer. 

(4) After confirming the device type, write the loaded program in (3) to this LSI address, from x'4000' to 
the final address of the internal ROM. 

(5) There is the same address for ROM option setting, even on EPROM version. 

[@ Chapter 15 1-8. Option Bit ] 


The internal ROM space of this LSI is from x'4000'. 
[¢ Chapter 2 2-2. Memory Space ] 


This writer has no internal ID codes of "Silicon Signature" and "Intelligent Identifier" of the 
< 











auto-device selection command of ROM writer. If the auto-device selection command is to be 
executed for this writer, the device is likely damaged. Therefore, never use this command. 











mWhen the writing is disabled 

When the writing is disabled, check the following points. 

1) Check that the device is mounted correctly on the socket (pin bending, connection failure). 

2) Check that the erase check result is no problem. 

3) Check that the adapter type is identical to the device name. 

4) Check that the writing mode is set correctly. 

5) Check that the data is correctly transferred to the ROM writer. 

6) Recheck the check points (1) to (5) provided on the above paragraph of 'Cautions on Handling 
the ROM writer’. 


Da nN eee ~ 


Please contact the nearest semiconductor design center (See the attached sales office table.), when the 
writing is disabled even after the above check points are confirmed and the device is replaced with 
another one. 
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15-1-7 Programming Adapter Connection 














aaunr eo 82383888838 BBBBBEBS 

LELETT ELL 

PERE REP ROSS ee a ek eee 
A4 —+l61 P64 P34 40 }*— Vss 
A5 — +1 62 P65 P33 39 — Vss 
A6 —+| 63 P66 P32 38 + — Vss 
A7 —+1] 64 P67 P31 37 — \Yss 
A8 —+! 65 P70 P30 36 «— Vss 
AQ —+| 66 P71 P24 35 l+— Vss 
A10 —+| 67 P72 P23 34 — Vss 
Ali — +! 68 P73 P22 33 l+— Vss 
A1l2 —-+| 69 P74 P21 32 «— Vss 
M3. —+| 70 p75 MN101CP28L P20 31 =— Vpp 
Al4 —+| 71 P76 - General use 80 pins - TM4IO,P14 30 }*— Vss 
A15 ——»| 72 P77 TM3I0,P13 29 }— Vss 
D7 ~—>) 73 P87 TM2I0,P12 28 «— Yss 
D6 ~—>) 74 P86 TM1I0,P11 27 «— Vss 
D5 <—>| 75 pgs TMOIO,P10 26 ;—— OPEN 
D4 ~—>| 76 pg4 NRST,P27 25 =— Vss 
D3 ~<—) 77 P83 PO6 24 — Vss 
D2 =~ 78 pg2 P05 23 }+— Vss 
D1 =| 79 pet P04 22 + — Vss 
DO ~—>| 80 P80 P03 21 «— Vss 

Dour nnwtMnonr rt a 3 oO fo) 

O St@e enc arssooeelseae 
PQQSSSESSES ELL Lees es 
Zz 


Package: LQFP080-P-1414A 
Pin pitch: 0.65 mm 


Figure 15-1-2 MN101CP28LAL EPROM Programming Adapter Connection 
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15-1-8 Option Bit 


MN101CP28LAL has EPROM option address to specify the operating mode after reset and the watch- 
dog timer frequency. 


BEPROM Option Bits 










































































7 6 5 4 3 2 1 0 
WDMD - - WDSEL2|WDSEL1 | NSSTRT 
NSSTRT Operating mode after reset 
0 SLOW mode 
1 NORMAL mode 
WDSEL2|WDSEL1 Watchdog timer frequency 
0 fs/2"° 
0 
1 fs/2"° 
1 X fs/2” 
WDMD Must be set "1". 




















Figure 15-1-3. EPROM Option Bits 


EPROM option address differs depending upon the model. 


EPROM option address 


MN101CP28LAL X'1BFFF' 











Gd Even if SLOW mode is selected after reset, connect oscillator pins as well as to the high 
speed oscillation input. 








Ga The WDMD (bp5) should be always set to "1". If it is set to "0", that operation cannot be 
stopped after the watchdog timer is started. 




















MN101C51F (mode after reset : NORMAL, watchdog timer frequency : fs/27°), write x'FF to 
the EPROM option address x'1BFFF'. 








Ga The MN101C51F (Mask Rom version) has no option. To select the same options as the 
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15-2 Probe Switches (PRB-ADP101C28/51(80 pin)) 


Adapter boards differ depending upon the models. This adapter board can be used for only 101C28/51 
(80 PIN). Use this adapter board with EV board, PRB-EV101C15. Improper matching may cause any 
damage to the ICE. The switches that the adapter board provides for configuring the probe are described 
below. 


Adapter Board Layout 





(1)SW1 (Oscillator control) : Set this switch to its USR position to drive the in-circuit emulator with the oscillator 
built into the target device. If there is no target device, set this switch to the ICE 
position to use the oscillator built into the probe. 

(2)SW2 (XI control) : Set this switch to its USR position to drive the in-circuit emulator with the XI oscillator 
built into the target device. If there is no target device, set this switch to the ICE 
position to use oscillator built into the probe. 

(3)SW3 (Power supply control) 

: Set this switch to its USR position to use the power supply from the target device. If 
there is no target device, set this switch to the ICE position to use the 5 V power 
supply from the in-circuit emulator. 

(4)Function control DIP switches 

: Each model has different setting of DIPSW as described below. 


(LCDSEL) 

ON : For models which use LCD function. 

OFF : For models which use LED function. 
(WDSEL1, WDSEL2) Switches for watchdog timer frequency 


Watchdog timer frequency 
WDSEL1 WDSEL2 


a 








(SSTRT) Switch for oscillation control at reset released. 
ON _ : Start with the low speed (XI) oscillation. 
OFF _ : Start with the high speed (OSC) oscillation. 
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15-3 Special Function Registers List 


Bit Symbol / Initial Value / Description 
Bit 5 Bit 4 Bit 3 
Reserved Reserved Reserved STOP HALT 


0 0 0 0 0 0 0 


STOP HALT 
Set always "0". | Set always "0".} Set always "0".] transition transition Oscillation Control 
request request 


1IOW1 lOWwOo IVBA EXMEM EXWH IRWE EXxw1 EXwo 
1 1 0 0 1 0 1 1 
\/O Wait Setup Interrupt Vector | External memory | Fixed wait mode / Interrupt Wait cycle of 
expansion mode 
Address specified Hand shake mode | request flag external memory 
- - - - - WDEN 
- - - - - 0 
WDT 
Activation 
BUZOE BUZCK1 BUZCKO DLYS1 DLYSO 
0 x x 0 0 





Address Register 








X'3F00" 











X'3F01' MEMCTR 











X'3F02' 

















X'3F03' DLYCTR 


Enable Buzzer Buzzer Output Oscillation Stabilization 


Output Frequency Setup Wait Cycle Setup 
EXADV3 EXADV2 EXADV1 - 
0 0 0 : I-19 


AI7IA16 address | AlStoAt2 address | Attto A8 address IV - 31, 39 
output at memory | output atmemory | output at memory 
expansion mode expansion mode expansion mode 


- POOUT6 POOUT5 POOUT4 POOUT3 POOUT2 POOUT1 POOUTO 
Ss 0 0 0 0 0 0 0 


Port 0 Output Data 








X'3FOE' 





























X'3F10" 








P1OUT4 P10UT3 P10UT2 P10UT1 P10UTO 
0 0 0 0 0 
Port 1 Output Data 








X'3F11' 





P2OUT7 
1 
Port 2 
Output Data 
P30UT7 P30UT6 P30UT5 P30UT4 P30UT3 P30UT2 P30UT1 P30UTO 
0 0 0 0 0 0 0 0 
Port 3 Output Data 





X'3F12' 











X'3F13' 








P40UT7 P40UT6 P40UT5 P40UT4 P40UT3 P40UT2 P40UT1 P40UTO 
0 0 0 0 0 0 0 0 


Port 4 Output Data 








X'3F14' 





P50OUT4 P50UT3 P5OUT2 P50UT1 P50UTO 
0 0 0 0 0 
Port 5 Output Data 





X'3F15' 








P6OUT7 P6OUT6 P6OUT5S P6OUT4 P6OUT3 P6OUT2 P6OUT1 P6OUTO 
0 0 0 0 0 0 0 0 


Port 6 Output Data 





























X'3F16' 





P7OUT7 P7OUT6 P7OUT5 P7OUT4 P70OUT3 P7OUT2 P70UT1 P7OUTO 
0 0 0 0 0 0 0 0 
Port 7 Output Data 





























X'3F17' 














Note) x : Initial value is unstable. - : No data 


XV - 12 Special Function Registers List 


Chapter 15 Appendices 


Bit Symbol / Initial Value / Description 











Address Register 
9 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page 
P8OUT7 P8OUT6 P8OUTS P8OUT4 P8OUT3 psouT2 | P8OUTI P8OUTO 
0 0 0 0 0 0 0 0 
X'3F18' P8OUT IV -43 


Port 8 Output Data 





SYSMD7 SYSMD6 SYSMD5 SYSMD4 SYSMD3 SYSMD2 SYSMD1 SYSMDO 


0 0 0 0 0 0 0 0 
X'3F1F' SYSMD IV - 40 
/O port / Synchronous output control 





























= 





= POIN6 POINS POIN4 POIN3 POIN2 POIN1 POINO 





- x x Xx x x x x 
X'3F20' POIN IV-7 
Port 0 Input Data 


























: - = P1IN4 P1IN3 P1IN2 P1IN1 P1INO 


- - - x x x x x 
X'3F21' P1IN IV - 13 
Port 1 Input Data 











- 2 = P2IN4 P2IN3 P2IN2 P2iN1 P2INO 


7 - - x x x x x 
X'3F22' P2IN IV-17 
Port 2 Input Data 











P3IN7 P3IN6 P3IN5 P3IN4 P3IN3 P3IN2 P3IN1 P3INO 


Xx x x x x x x x 
X'3F23' P3IN IV - 20 


Port 3 Input Data 











P4IN7 P4IN6 P4IN5 P4IN4 P4IN3 P4IN2 P4IN1 P4INO 


x x x x x x x x 
X'3F24' P4IN IV - 26 
Port 4 Input Data 











a - - PSIN4 PS5IN3 P5IN2 PSIN1 P5INO 





- - - x x x x x 
X'3F25' P5IN IV - 30 
Port 5 Input Data 








P6IN7 P6IN6 P6IN5 P6IN4 P6IN3 P6IN2 P6IN1 P6INO 


X'3F26' P6IN x . s a S ti s zs IV -34 


Port 6 Input Data 
































P7IN7 P7IN6 P7IN5 P7IN4 P7IN3 P7IN2 P7IN1 P7INO 


x x x x x x x x 
X'3F27' P7IN IV - 38 
Port 7 Input Data 











P8IN7 P8IN6 P8IN5 P8IN4 P8IN3 P8IN2 P8iN1 P8INO 





x x x x x x x x 
X'3F28' P8IN IV - 43 
Port 8 Input Data 








PAIN7 PAIN6 PAINS PAIN4 PAIN3 PAIN2 PAIN1 PAINO 


x x x x x x x x 
X'3F2A' PAIN IV - 46 
Port A Input Data 











- PODIR6 PODIRS PODIR4 PODIR3 PODIR2 PODIR1 PODIRO 


- 0 0 0 0 0 0 
X'3F30' PODIR : ped 


Port 0 I/O Direction Control 














- : - P1DIR4 P1DIR3 P1DIR2 P1DIR1 P1DIRO 


X'3F31' P1DIR - - - 2 g g IV-13 


Port 1 I/O Direction Control 






































Note) x : Initial value is unstable. - : No data 


Special Function Registers List XV - 13 


Chapter 15 Appendices 


Bit Symbol / Initial Value / Description 


































































































































































































Address Register 
: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page 
P3DIR7 P3DIR6 P3DIR5 P3DIR4 P3DIR3 P3DIR2 P3DIR1 P3DIRO 
0 0 0 0 0 0 0 0 
X'3F33' P3DIR IV - 20 
Port 3 I/O Direction Control 
P4DIR7 P4DIR6 P4DIR5 P4DIR4 P4DIR3 P4DIR2 P4DIR1 P4DIRO 
0 0 0 0 0 0 0 0 
X'3F34' P4DIR IV - 26 
Port 4 I/O Direction Control 
: - - P5DIR4 P5DIR3 P5DIR2 P5DIR1 P5DIRO 
- - - 0 0 0 0 0 
X'3F35' P5DIR IV - 30 
Port 5 I/O Direction Control 
P6DIR7 P6DIR6 P6DIR5 P6DIR4 P6DIR3 P6DIR2 P6DIR1 P6DIRO 
0 0 0 0 0 0 0 0 
X'3F36' P6DIR IV - 34 
Port 6 I/O Direction Control 
P7DIR7 P7DIR6 P7DIR5 P7DIR4 P7DIR3 P7DIR2 P7DIR1 P7DIRO 
0 0 0 0 0 0 0 0 
X'3F37' P7DIR IV - 38 
Port 7 I/O Direction Control 
P8DIR7 P8DIR6 P8DIR5 P8DIR4 P8DIR3 P8DIR2 P8DIR1 P8DIRO 
0 0 0 0 
X'3F38' P8DIR o 2 g IV - 43 
Port 8 I/O Direction Control 
= 7 - P14TCO P13TCO P12TCO P11TCO P10TCO 
- - - 0 0 0 0 0 
X'3F39' P10OMD IV - 14 
V/O port / Special function pin control 
PAIMD7 PAIMD6 PAIMD5 PAIMD4 PAIMD3 PAIMD2 PAIMD1 PAIMDO 
0 0 0 0 0 0 0 0 IV - 46 
X'3F3A" PAIMD 
I/O port / Special function pin control 
IRQ4SEL : - - P4KYEN4 P4KYEN3 P4KYEN2 P4KYEN1 
iy : : : 0 0 0 0 WW 44 
X'3F3C' P4IMD F 
IRQ4 interrupt P46, P47 key | P44, P45 key | P42 ,P43 key | P40, P41 key IV - 27 
source selection, interrupt selection | interrupt selection | interrupt selection| interrupt selection 
: POPLU6 POPLU5 POPLU4 POPLU3 POPLU2 POPLU1 POPLUO 
- 0 0 0 0 0 0 0 
X'3F40' POPLU IV-7 
Port 0 pull-up resistor ON / OFF control 
> - - P1PLU4 P1PLU3 P1PLU2 P1PLU1 P1PLUO 
- - - 0 0 0 0 0 
X'3F41' P1PLU : IV-13 
Port 1 pull-up resistor ON / OFF control 
2 7 - P2PLU4 P2PLU3 P2PLU2 P2PLU1 P2PLUO 
X'3F42" - - - 2 u g Z V-17 
oes Port 2 pull-up resistor ON / OFF control 
P3PLU7 P3PLU6 P3PLU5 P3PLU4 P3PLU3 P3PLU2 P3PLU1 P3PLUO 
X'3F43' 2 a B 2 u x 2 IV - 20 
Peery Port 3 pull-up resistor ON / OFF control 
P4PLU7 P4PLU6 P4PLU5 P4PLU4 P4PLU3 P4PLU2 P4PLU1 P4PLUO 
0 0 0 0 0 0 0 0 
X'3F44' P4PLU IV - 26 


Note) x : Initial value is unstable. - : No data 


XV - 14 








Special Function Registers List 


Port 4 pull-up resistor ON / OFF control 








Chapter 15 Appendices 




























































































































































































. Bit Symbol / Initial Value / Description 
Address Register - - - - - - - - Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
- - - P5PLU4 P5PLU3 P5PLU2 P5PLU1 P5PLU0 
- - - 0 0 0 0 0 
X'3F45' P5PLU IV - 30 
Port 5 pull-up resistor ON / OFF control 
P6PLU7 P6PLU6 P6PLU5 P6PLU4 P6PLU3 P6PLU2 P6PLU1 P6PLUO 
0 0 0 0 0 0 0 0 
X'3F46' P6PLU IV - 34 
Port 6 pull-up resistor ON / OFF control 
P7PLUD7 P7PLUD6 P7PLUD5 P7PLUD4 P7PLUD3 P7PLUD2 P7PLUD1 P7PLUDO 
0 0 0 0 0 0 0 0 
X'3F47' P7PLUD ; IV - 38 
Port 7 pull-up/pull-down resistor ON / OFF control 
P8PLU7 P8PLU6 P8PLU5 P8PLU4 P8PLU3 P8PLU2 P8PLU1 P8PLUO 
0 0 0 0 0 0 0 0 
X'3F48' P8PLU IV - 43 
Port 8 pull-up resistor ON / OFF control 
PAPLUD7 PAPLUD6 PAPLUD5 PAPLUD4 PAPLUD3 PAPLUD2 PAPLUD1 PAPLUDO 
0 0 0 0 0 0 0 0 
X'3F4A' PAPLUD IV - 46 
Port A pull-up/pull-down resistor ON / OFF control 
- - - - - P21IM PARDWN P7RDWN 
X'3F4B FLOAT1 E = : o : M30 
P21 input | Port A pull-up/ | Port 7 pull-up/ IV - 40,47 
mode selection [pull-down selection |pull-down selection 
- . < < . P7SYEVS2 | P7SYEVS1 
7 : 7 - - - 0 0 
X'3F4C' FLOAT2 IV - 40 
Port 7 synchronous output 
event selection 
- SCOCEO SCOCE1 SCODIR SCOSTE SCOLNG2 SCOLNG1 SCOLNGO 
- 0 0 Xx Xx 0 0 0 
X'3F50" SCOMDO Ea Az8 
Reception data input edge / | First bit to ae ae Synchronous serial transfer bit count 
ata transfer 
Transmission data output edge |be transferred | start condition 
- - SCOCKM SCOCK1 SCOCKO SCOBRKF SCOERE SCOTRI 
X'3F51' SCOMD1 - - : a 2 y 2 X-7 
1/8 dividing of Clock source Brake status Error Transmission/ 
? Reception interrupt 
transfer clock receive monitor monitor request flag 
- - SCOBRKE SCOFM1 SCOFMO SCOPM1 SCOPMO SCONPE 
. : 0 0 0 x x x 
X'3F52' SCOMD2 X-8 
Brake status sane ‘ a oe Parity 
Frame mode specification Added bit specification 
transmit control enable 
- - SCOIMO SCOSBOM SCOSBTM SCOSBOS SCOSBIS SCOSBTS 
X'3F53' SCOMD3 - - id : 2 : e 2 x-9 
SBI0/SBOO SBOO pin SBTO pin SBOO pin SBIO input SBTO pin 
pin connection! configuration | configuration | function control function 
SCOBSY SCOCMD - - SCOFEF SCOPEK SCOORE - 
0 0 - - 0 0 0 - 
X'3F54' SCOCTR - , ; X-10 
Serial bus — (Cicok synchronous/ Framing error} Parity error | Overrun error 
status UART detection detection detection 
SCOTRB7 SCOTRB6 SCOTRB5 SCOTRB4 SCOTRB3 SCOTRB2 SCOTRB1 SCOTRBO 
xX xX x xX x xX xX x 
Asie Scolne Serial interface 0 transmission/reception shift register AS 
SCORXB7 SCORXB6 SCORXB5 SCORXB4 SCORXB3 SCORXB2 SCORXB1 SCORXBO 
xX xX xX xX xX x x x 
X'3F56' SCORXB X-5 


Serial interface 0 reception data buffer 











Note) x : Initial value is unstable. - : No data 
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: Bit Symbol / Initial Value / Description 
Address Register ; ; , 7 7 , 7 : Page 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 
SC1BSY SC1CE0O SC1CE1 SC1DIR SC1STE SC1LNG2 SC1LNG1 SC1LNGO 
0 0 0 x x 0 0 0 
X'3F57 SC1MDO Serial bus Reception data input edge First bit to everencts mee 
serial interface i 
status Transmission data output edge |be transferred | start condition Transfer bit count 
- SC1SBOM SC1SBTM | SC1SBOS SC1SBIS SC1SBTS SC1CK1 SC1CKO 
- 0 0 0 0 0 0 0 seg 
X'3F58' 1MD1 F , = 
vere si SBO1 pin SBT1 pin SBO1 pin SBI1 pin SBT1 pin 
configuration | configuration function function function Glock source 
SC1TRB7 SC1TRB6 SC1TRB5 SC1TRB4 SC1TRB3 SC1TRB2 SC1TRB1 SC1TRBO 
x x x x x x x x 
X'3F59' SC1TRB XI-5 
Serial interface 1 transmission / reception shift register 
SC2CE0 SC2CMD SC2DIR SC2STE SC2LNG3 SC2LNG2 SC2LNG1 SC2LNGO 
X'3F5A' SC2MDO : : z : 2 2 u : XIl- 6 
sil Reception data | Synchronous | First bitto | Synchronous : 
F serial interface/ serial interface Transfer bit count 
input edge IC be transferred] start condition 
SC2SBOM SC2SBTM SC2SBOS SC2SBIS SC2SBTS SC2CK2 SC2CK1 SC2CKO 
0 0 0 0 0 0 0 0 
X'3F5B' SC2MD1 - XII - 7 
SBO2 pin SBT2 pin SBO2 pin SBI2 input SBT2 pin 
: ' . ; F Clock source 
configuration | configuration function control function 
SC2BSY SC2SBOM SC2SPKF SC2STKF SC2SPEN SC2STEN SC2ACK1 SC2ACKO 
0 0 Xx Xx 0 0 x x 
X'3F5C' SC2CTR ; — 7 XIl- 8 
Serial bus SBI2/SB02 _ |Stop condition] Start condition |Stop condition |Start condition ACK bit ACK bit 
status pin connection| flag detection | flag detection | flag enable | flag enable enable level 
SC2TRB7 SC2TRB6 SC2TRB5 SC2TRB4 SC2TRB3 SC2TRB2 SC2TRB1 SC2TRBO 
x x x Xx x x x x 
X'3F5D' SC2TRB XIl-5 
Serial interface 2 transmission/reception shift register 
TMOBC7 TMOBC6 TMOBC5 TMOBC4 TMOBC3 TMOBC2 TMOBC1 TMOBCO 
0 0 0 0 0 0 0 0 
X'3F60' TMOBC V-8 
Timer 0 binary counter 
TM1BC7 TM1BC6 TM1BC5 TM1BC4 TM1BC3 TM1BC2 TM1BC1 TM1BCO 
0 0 0 0 0 0 0 0 
X'3F61' TM1BC V-8 
Timer 1 binary counter 
TM2BC7 TM2BC6 TM2BC5 TM2BC4 TM2BC3 TM2BC2 TM2BC1 TM2BC0 
0 0 0 0 0 0 0 0 
X'3F62' TM2BC V-8 
Timer 2 binary counter 
TM3BC7 TM3BC6 TM3BC5 TM3BC4 TM3BC3 TM8BC2 TM3BC1 TM3BC0 
= = 7 0 0 0 0 0 
X'3F63' TM3BC V-8 
Timer 3 binary counter 
TM4BCL7 TM4BCL6 TM4BCL5 TM4BCL4 TM4BCL3 TM4BCL2 TM4BCL1 TM4BCLO 
0 0 0 0 0 0 0 0 
X'3F64' TM4BCL VI-5 
Timer 4 binary counter (lower 8 bits) 
TM4BCH7 TM4BCH6 TM4BCH5 TM4BCH4 TM4BCH3 TM4BCH2 TM4BCH1 TM4BCHO 
0 0 0 0 0 0 0 0 
X'3F65' TM4BCH VI-5 
Timer 4 binary counter (upper 8 bits) 
TM4ICL7 TM4ICL6 TM4ICL5 TM4ICL4 TM4ICL3 TM4ICL2 TM4ICL1 TM4ICLO 
x x x x x x x x 
X'3F66' TM4ICL VI-6 
Timer 4 input capture register (lower 8 bits) 








Note) x : Initial value is unstable. - : No data 


XV - 16 
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Address 


X'3F67' 


Register 


TM4ICH 


Bit Symbol / Initial Value / Description 


Chapter 15 Appendices 





TM4ICH7 


TM4ICH6 


Bit 5 
TM4ICH5 


Bit 4 
TM4ICH4 


Bit 3 
TM4ICH3 


TM4ICH2 


TM4ICH1 


TM4ICHO 





x 


x 


x 


x 


x 


x 


x 


0 





Timer 4 input capture register (upper 8 bits) 





X'3F68' 


TM5BC7 


TM5BC6 


TM5BC5 


TMSBC4 


TM5BC3 


TM5BC2 


TM5BC1 


TM5BCO 





0 





0 





0 





0 





0 





0 





0 





0 





Timer 5 bin 


ary counter 





X'3F70" 


TMOOC7 


TMOOC6 


TMOOC5 


TMO0OC4 


TMO0OC3 


TMOOC2 


TMOOC1 


TMOOCO 





x 





x 





x 


x 





x 





x 








x 





x 





Timer 0 compare register 





X'3F71' 


TM10C7 


TM10C6 


TM10C5 


TM10C4 


TM10C3 


TM10C2 


TM10C1 


TM10CO 





x 


x 


x 


x 


x 


x 


x 


x 





Timer 1 com 


pare register 





X'3F72' 


TM20C7 


TM20C6 


TM20C5 





TM20C4 


TM20C3 


TM20C2 


TM20C1 


TM20CO 





x 


x 


x 


x 


x 


x 


x 


x 





Timer 2 com 


pare register 





X'3F73' 


TM30C7 


TM30C6 


TM30C5 


TM30C4 


TM30C3 


TM30C2 


TM30C1 


TM30CO 





x 


x 


x 


x 


x 


x 


x 


x 





Timer 3 com 


pare register 





X'3F74' 


TM40CL 


TM4O0CL7 


TM4OCL6 


TM40CL5 


TM40CL4 


TM40CL3 


TM4O0CL2 


TM40CL1 


TM40CLO 





x 


x 


x 


x 


x 


x 


x 


x 





imer 4 compare register (lower 8 


bits) 





X'3F75' 


TM40CH 


TM40CH7 


TM40CH6 


TM40CH5 


TM40CH4 


TM40CH3 


TM40CH2 


TM40CH1 


TM40CHO 





x 


x 


x 


x 


x 


x 


x 


x 





Timer 4 compare register (upper 8 bits) 





X'3F78' 


TM50C7 


TM50C6 


TMSOC5 


TM50C4 


TM50C3 


TM50C2 


TM50C1 


TM50CO 





x 





x 





x 








x 





x 


x 





x 





x 





Timer 5 compare register 





X'3F80' 


TMOEN 


TMOPWM 


TMOCK2 


TMOCK1 


TMOCKO 





0 


0 


x 


x 


x 





Timer 0 


count control 


Timer 0 


operation mode 


Clock source 





X'3F81' 


TM1EN 


TM1PWM 


TM1CKO 


TM1CK1 


TM1CKO 





0 


0 


x 


x 


x 





Timer 1 


count control 


P11 output at 
MOPWM operation 


Clock source 





X'3F82! 


TM2EN 


TM2PWM 


TM2CK2 


TM2CK1 


TM2CKO 





0 


0 


x 


x 


x 





Timer 2 


count control 


Timer 2 


operation mode 


Clock source 





X'3F83' 


TM3EN 


TM3PWM 


TM3CK2 


TM3CK1 


TM3CKO 





0 


0 


x 


x 


x 





Timer 3 


count control 


P13 output at 
M2PWM operation 


Clock source 





X'3F84' 


Note) x: 





TM4EN 


TM4PWM 


T4ICTS1 


T4ICTSO 


TM4CK2 


TM4CK1 


TM4CKO 





0 


0 





0 


0 


x 





x 





x 











Timer 4 


count control 


nitial value is unstable. - : No data 





Timer 4 
operation mode 





TM4 input capture trigger 





Clock source 
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Bit Symbol / Initial Value / Description 
Bit 5 Bit 4 Bit 3 


TM5CLRS TM5IR2 TMSIR1 TMS5IRO TM5CK3 TM5CK2 TM5CK1 TM5CKO 
0 x x x x x x 0 


Address Register 




















X'3F88' 





TMS binary Time base timer interrupt cycle Timer 5 clock source [Time base timer 
counter clear clock source 
: TMORM RMOEN Reserved RMDTYO RMBTMS 
. 0 0 x Xx 0 
P10 special |Enable remote] Set always _|Remote control | Remote control 
: control carrier carrier carrier 
function output output "oO". output duty base timer 
NF1CKS1 NF1CKSO NF1EN NFOCKS1 NFOCKSO NFOEN 
0 0 0 0 0 0 


IRQ1 noise filter IRQ1 noise IRQO noise filter IRQO noise 








X'3F89' 











X'3F8A' 





sampling period filter setup sampling period filter setup 
ANSH1 ANSHO ANCK1 ANCKO ANLADE ANCHS2 ANCHS1 ANCHSO 
x x x x 0 x x x 











X'3F90' ANCTRO 
erat A/D sample and hold time A/D conversion clock A/D ladder Analog input selection 


resistance 
control 


ANST - 
0 = 
A/D conversion 








X'3F91' ANCTR1 





status 
ANBUFO7 ANBUFO6 
x x 
A/D buffer 0 
(lower 2 bits) 
ANBUF17 ANBUF16 ANBUF15 ANBUF 14 ANBUF13 ANBUF12 ANBUF11 ANBUF10 
x x x x x x x x 
A/D buffer 1 
(upper 8 bits) 
Reserved ATEN ATWID ATDIR ATING 
0 0 0 x x x 
Set always | ATC transfer | ATC transfer | ATC transfer ATTAP 








X'3F92" ANBUFO 














X'3F93' ANBUF1 








X'3FA0' 





ATC trigger factor settings 
"oO". enable unit direction increment 


ATCNT7 ATCNT6 ATCNT5S ATCNT4 ATCNT3 ATCNT2 ATCNT1 ATCNTO 
Xx x Xx x x x Xx Xx 





























X'3FA1' 





Transfer data counter 





ATTAP7 ATTAP6 ATTAPS ATTAP4 ATTAP3 ATTAP2 ATTAP1 ATTAPO 


x x x x x x x x 








X'3FA2' ATTAPL 
Data transfer target address pointer (lower 8 bits) 





ATTAP15 ATTAP14 ATTAP13 ATTAP12 ATTAP11 ATTAP10 ATTAP9 ATTAP8 


x x x x x x x x 





X'3FA3' ATTAPH 





Data transfer target address pointer (upper 8 bits) 





ATIAP7 ATIAP6 ATIAPS ATIAP4 ATIAP3 ATIAP2 ATIAP1 ATIAPO 
Xx x Xx Xx x x x Xx 





X'3FA4' 





Data transfer internal address pointer 











X'3FE0' Do not use 





PIR WDIR Reserved 
0 0 0 





X'3FE1' 





Program Watchdog Set always 



































interrupt requestlinterrupt request "Or 


Note) x : Initial value is unstable. - : No data 
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Bit Symbol / Initial Value / Description 
Bit 5 Bit 4 Bit 3 
IRQOLV1 IRQOLVO REDGO IRQOIE IRQOIR 
0 0 0 0 0 





Address Register 








X'3FE2' IRQOICR 


IRQO interrupt level IRQO interrupt RQO interrupt ||RQO interrupt 


active edge enable request 
IRQILV1 IRQ1LVO REDG1 IRQ1IE IRQ1IR 
0 0 0 0 0 
IRQ1 interrupt level IRQ1 interrupt RQ1 interrupt )IRQ1 interrupt 
active edge enable request 
TMOLV1 TMOLVO - TMOIE TMOIR 
0 0 - 0 0 
TMO interrupt level TMO interrupt | TMO interrupt 














X'3FE3' IRQ1ICR 








X'3FE4' TMOICR 





enable request 
TMILV1 TM1LVO TM1IE TM1IR 

0 0 0 0 

TM1 interrupt level TM1 interrupt | TM1 interrupt 











X'3FES' TM1ICR 


enable request 


TM2LV1 TM2LVO TM2IE TM2IR 
0 0 0 0 


TM2 interrupt level TM2 interrupt | TM2 interrupt 








X'3FE6" TM2ICR 





enable request 
TBLV1 TBLVO TBIE TBR 

0 0 0 0 

TB interrupt level TB interrupt | TB interrupt 








X'3FE7' 





enable request 
SCOLV1 SCOLVO SCOIE SCOIR 
0 0 0 0 
SCO interrupt level SCO interrupt | SCO interrupt 
enable request 
ATCLV1 ATCLVO ATCIE ATCIR 
0 0 0 0 
ATC interrupt level ATC interrupt | ATC interrupt 
enable request 











X'3FE8' SCOICR 








X'3FEQ' ATCICR 








ADLV1 ADLVO ADIE ADIR 
0 0 0 0 


AD interrupt level AD interrupt | AD interrupt 








X'3FEA' 





enable request 
IRQ2LV1 IRQ2LV0 REDG2 IRQ2IE IRQ2IR 
0 0 0 0 0 
IRQ2 interrupt level IRQ2 interrupt IRQ2 interrupt) |RQ2 interrupt 











X'3FEB' IRQ2ICR 


active edge enable request 
IRQ3LV1 IRQ3LVO0 REDG3 IRQSIE IRQ3IR 
0 0 0 0 0 
IRQ3 interrupt level IRQ3 interrupt RQ interrupt |IRQ3 interrupt 
active edge enable request 
IRQ4LV1 IRQ4LV0 REDG4 IRQ4IE IRQ4IR 
0 0 0 0 0 
IRQ4 interrupt level IRQ4 interrupt IRQ4 interrupt] |RQ4 interrupt 
active edge enable request 
TMS3LV1 >TM3LVO - TMSIE TM3IR 
0 0 - 0 0 
TMS interrupt level TMS interrupt | TMS interrupt 








X'3FEC' IRQ3ICR 














X'3FED' IRQ4ICR 











X'3FEE' TM3ICR 


enable request 
TM4LV1 >TM4LVO TM4IE TM4IR 
0 0 0 0 
TM4 interrupt level TM4 interrupt | TM4 interrupt 
enable request 

















X'3FEF' TM4ICR 



































Note) x : Initial value is unstable. - : No data 
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Add Revist Bit Symbol / Initial Value / Description 
ress egister 
: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Rage 
TMS5LV1 TM5LVO = es - e TMSIE TMSIR 
0 0 - - - - 0 0 
X'3FFO' TMSICR - : Ill - 27 
TM6 interrupt level TMS interrupt | TM5 interrupt 
enable request 
SC1LV1 SC1LVO : - 7 2 SC1IE SC1IR 
X'SFF1 SCIICR : : - : ; - : ; II - 30 
SC1 interrupt level SC1 interrupt | SC1 interrupt 
enable request 
SC2LV1 SC2LVO o - . 7 SC2IE SC2IR 
0 0 - - - - 0 0 
X'3FF2' SC2ICR : : - Ill - 34 
SC2 interrupt level SC2 interrupt | SC2 interrupt 
enable request 



































Note) x : Initial value is unstable. - : No data 
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Group Mnemonic Operation Flag (Code(Cycle) Re- Machine Code Notes|Page 
VF]NF|CEF]ZE| Size peat} Ext 1 2 3 4 5 6 7 8 9 10 11 
Data Move Instructions 
MOV MOV Dn,Dm Dn>Dm - -|--| 2] 1 1010 DnDm 25 
MOV imm8,Dm imm8>Dm - -|-| 4] 2 1010DmDm <#8._ ...> 25 
MOV Dn,PSW Dn-PSW @e\e\je e| 3/3 0010 1001 01Dn 26 
MOV PSW,Dm PSW>Dm - -|-| 3 | 2 0010 0001 01Dm 26 
MOV (An),D mem8(An)—>Dm - -J-| 2] 2 0100 1ADm 27 
MOV (d8,An),Dm mem8(d8+An)—>Dm -f-|-|-| 4] 2 0110 1ADm <d8.  ...> “4/27 
MOV (d16,An),Dm mem8(d16+An)>Dm ~|-|-];-| 7) 4 0010 0110 1ADm <d16 > 28 
MOV (d4,SP),Dm mem8(d4+SP)—>Dm - -f-| 3} 2 0110 01Dm <d4> *2 | 28 
MOV (d8,SP),Dm mem8(d8+SP)—>Dm - -J-| 5] 3 0010 0110 01Dm <d8._ ...> *3 | 29 
MOV (d16,SP),Dm mem8(d16+SP)—>Dm 7 -|-| 7 | 4 0010 0110 00Dm <d16 et 29 
MOV (io8),D: mem8(IOTOP+i08)>Dm - -J-| 4] 2 0110 00Dm <io8 > 30 
MOV (abs8),Dm mem8(abs8)—>Dm -- -|--| 4 | 2 0100 01Dm <abs_ 8..> 30 
MOV (abs12),Dm mem8(abs12)>Dm a [eff] 5 | 2 0100 00Dm <abs 12. ..> 31 
MOV (abs16),Dm mem8(abs16)>Dm -|-f-]-) 7 | 4 0010 1100 00Dm <abs 16.. > 31 
MOV Dn,(Am) Dn—mem8(Am) - -|-| 2] 2 0101 1aDn 32 
MOV Dn,(d8,Am) Dn->mem8(d8+Am) - -|-| 4] 2 0111 1aDn <d8. > 4 | 32 
MOV Dn,(d16,Am) Dn—mem8(d16+Am) - -J-| 714 0010 0111 1aDn <d16 > 33 
MOV Dn,(d4,SP) Dn—-mem8(d4+SP) - -|-/| 3 | 2 0111 01Dn <d4> *2 | 33 
MOV Dn,(d8,SP) Dn-mem8(d8+SP) - -J-| 5] 3 0010 0111 01Dn <d8. ...> *3 1 34 
MOV Dn,(d16,SP) Dn—-mem8(d16+SP) - -f-| 7) 4 0010 0111 00Dn <d16 od 34 
MOV Dn,(io8) Dn—mem8(lIOTOP+i08) - -J-| 4] 2 0111 00Dn <io8 > 35 
MOV Dn,(abs8) Dn—mem8(abs8) -f-f-}-] 4] 2 0101 01Dn <abs 8.> 35 
MOV Dn,(abs12) Dn-memé8(abs12) - -J-| 5 | 2 0101 00Dn <abs 12. > 36 
MOV Dn,(abs16) Dn—memé8(abs16) - -~|-| 7 | 4 0010 1101 00Dn <abs 16. 1. > 36 
MOV immé8,(io8) imm8—>mem8(IOTOP+io08) -f-|-|-| 6] 3 0000 0010 <i0b88 «> HB. > 37 
MOV imm8,(abs8) imm8—mem8(abs8) -f-}-]-| 6] 3 0001 0100 <abs 8.> <#8. > 37 
MOV imm8,(abs12) imm8—smem8(abs1 2) - -J-| 713 0001 0101 <abs 12. > <#8& .> 38 
MOV imm8,(abs16) imm8—>mem8(abs16) - -f-| 9] 5 0011 1101 1001 <abs 16.. > HBL 38 
MOV Dn,(HA) Dn—-mem8(HA) -- -|--| 2 | 2 1101 00Dn 39 
MOVW |MOVW (An),DWm mem16(An)>DWm - -|-]| 2/3 1110 O0Ad 40 
MOVW (An),Am mem16(An)>Am ~ -|-| 3 | 4 0010 1110 10Aa *4 | 40 
MOVW (d4,SP),DWm mem16(d4+SP)>DWm - -|-| 3 | 3 1110 011d <d4> 2/41 
MOVW (d4,SP),A mem16(d4+SP)—>Am - -|-| 3 | 3 1110 010a <d4> 2 /41 
MOVW (d8,SP),DWm mem16(d8+SP)>DWm - -f-| 5) 4 0010 1110 011d <d8. ..> *3) 42 
MOVW (d8,SP),Am mem16(d8+SP)—>Am - -f-| 5 | 4 0010 1110 010a <d8. ..> *3) 42 
MOVW (d16,SP),DWm |mem16(d16+SP)>DWm oa -f-| 7] 5 0010 1110 001d <d16 came 43 
MOVW (d16,SP),Am mem16(d16+SP)—>Am -- Se ilheeel BZ | 35 0010 1110 000a <d16 > 43 
MOVW (abs8),DWm mem16(abs8)>DWm - -;-| 4/3 1100 O11d <abs 8.> 44 
MOVW (abs8),Am mem16(abs8)>Am -- -|-| 4] 3 1100 010a <abs 8.> 44 
MOVW (abs16),DWm = |mem16(abs16)>DWm - -J-| 74) 5 0010 1100 O11d <abs 16. > 45 
MOVW (abs16),Am mem16(abs16)>Am = oes ZS 0010 1100 010a <abs 16.. > 45 
MOVW DWn,(Am) DWn-mem16(Am) - -|-| 2) 3 1111 00aD 46 
MOVW An,(Am) An-mem16(Am) - -|-| 3] 4 0010 1111 10aA 4 | 46 
MOVW DWn,(d4,SP) DWn-mem16(d4+SP) - -f-| 3] 3 1111 011D <d4> *2 147 
MOVW An,(d4,SP) An—mem16(d4+SP) - -|-| 3] 3 1111 010A <d4> *2 147 
MOVW DWn,(d8,SP) DWn-mem16(d8+SP) - -f-| 5) 4 0010 1111 011D <d8. > *3/ 48 
MOVW An,(d8,SP) An-mem16(d8+SP) - -f-| 5) 4 0010 1111 O10A <d8. ..> *3 | 48 
MOVW DWn,(d16,SP) |DWn-—mem16(d16+SP) - -~f-| 7/5 0010 1111 001D <d16 > 49 
MOVW An,(d16,SP) An—mem16(d16+SP) - -~f-| 7/5 0010 1111 OOOA <d16 ir 49 
MOVW DW)n,(abs8) DWn-mem16(abs8) - -|-| 4/3 1101 011D <abs 8.> 50 
MOVW An,(abs8) An-mem16(abs8) - -/-| 4] 3 1101 010A <abs 8.> 50 
MOVW DWhn,(abs16) DWn-mem16(abs16) - -J-| 745 0010 1101 011D <abs 16. > 51 
MOVW An,(abs16) An-mem16(abs16) - -|-| 7] 5 0010 1101 010A <abs 16.. <> 51 
MOVW DWn,(HA) DWn-mem16(HA) - -|-| 2/3 1001 010D 52 
MOVW An,(HA) An—mem16(HA) - -f-| 2/3 1001 011A 52 
MOVW imm8,DWm sign(imm8)>DWm - -J-| 4] 2 0000 110d <#8 ..> *® | 53 
MOVW imm8,Am zero(imm8)—>Am ~ -|--| 4) 2 0000 111a <#8 ..> *6 153 
MOVW imm16,DWm imm16>DWm -- -f;-| 6] 3 1100 111d <#16 > 54 
NOTE: Pages for the MN101C Series Instruction Manual *1 d8sign-extension *4 A=An, a=Am 





























*2 4 zero-extension 
*3  d8 zero-extension 


Instruction Set 








*5 #8 sign-extension 
“6 #8 zero-extension 
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MN101C SERIES INSTRUCTION SET 


Mnemonic 


Operation 





Machine Code 
6 7 8 





MOVW imm16,Am 


imm16>Am 


1101 111a <#16 





MOVW SP,Am 


SP>Am 


0000 100a 





MOVW An,SP 


An-SP 


0000 101A 





MOVW DWn,DWm 


DWn->DWm 


1000 00Dd 





MOVW DWn,Am 


DWn->Am 


0100 11Da 





MOVW An,DWm 


An>DWm 


1100 11Ad 





MOVW An,Am 


An>Am 


0000 00Aa 





PUSH Dn 


SP-1—SP,Dn—mem8(SP) 


1111 10Dn 





PUSH An 


SP-2-SP,An—mem16(SP) 


0001 011A 





POP Dn 


mem8(SP)—>Dn,SP+1—SP 


1110 10Dn 





POP An 


mem16(SP)—An,SP+2—SP. 


0000 011A 





EXT Dn,DWm 
Arithmetic manupulation instructions 
D Dn,Dm 


sign(Dn)—>DWm 


Dm+Dn>Dm 


WM!) MM] MH] W] W/W] wW|]wW] WwW] ® 


OAR} wl!/a|wlwl]w]w]w]w]w]o 


1001 000d 


0011 DnDm 








D imm4,Dm 


Dm+sign(imm4)>Dm 


1000 00Dm <#4> 





D imm8,Dm 


Dm+imm8—Dm 


0000 10Dm <#8. 





Dn,Dm 


Dm+Dn+CF-Dm 


1011 DnDm 





DWn,DWm 


DWm+DWn>DWm 


0101 00Dd 





AD DWn,Am 


Am+DWn->Am 


0101 10Da 





AD imm4,Am 


Am+sign(imm4)>Am 


1110 110a <#4> 





AD imm8,Am 


Am+sign(imm8)>Am 


1110 110a <#8. 





AD imm16,Am 


Am+imm16—>Am 


0101 O1la <#16 





AD imm4,SP 


SP+sign(imm4)—>SP. 


1111. 1101 <#4> 





AD imm8,SP 


SP+sign(imm8)—>SP. 


1111 1100 <#8. 





AD imm16,SP 


SP+imm16—SP 


1111 1100 <#16 





AD immi6,DWm 


DWm+imm16>DWm 


0101 010d <#16 





ADDUW Dn,Am 


Am+zero(Dn) Am 


1000 1aDn 








ADDSW Dn,Am 


Am+sign(Dn)>Am 


1001 1aDn 





SUB _Dn,Dm( when Dn#Dm) 


Dm-Dn—Dm 


1010 DnDm 





SUB Dn,Dn 


Dn-Dn-Dn 


1000 01Dn 





SUB imm8,Dm 


Dm-imm8—>Dm 


1010 DmDm <#8. 





SUBC Dn,Dm 


Dm-Dn-CF>Dm 


1011 DnDm 





SUBW DWn,DWm 


DWm-DWn>DWm 


0100 00Dd 





SUBW DWn,Am 


Am-DWn>Am 





0100 10Da 





SUBW imm16,DWm 


DWm-imm16>DWm 


0100 010d <#16 





SUBW imm16,Am 


Am-imm16>Am 


0100 Olla <#16 





MULU Dn,Dm 


Dm*Dn-DWk 


1111 111D 





DIVU Dn,DWm 


DWm/Dn>DWmr-I...DWm-h 


1110 111d 





CMP Dn,Dm 


Dm-Dn...PSW 


0010 DnDm 





CMP imm8,Dm 


Dm-imm8...PSW 


1100 00Dm <#8. 





CMP. imm8,(abs8) 


mem8(abs8)-imm8...PSW 


0000 0100 <abs 





CMP imm8,(abs12) 


mem8(abs12)-imm8...PSW 


0000 0101 <abs 





CMP. imm8,(abs16) 


mem8(abs16)-imm8s...PSW 


1101 1000 <abs 





CMPW DWn,DWm 


DWm-DWn...PSW 


1000 01Dd 





CMPW DWn,Am 


Am-DWn...PSW 


0101 11Da 





CMPW An,Am 


Am-An...PSW 


0000 01Aa 





CMPW imm16,DWm 


DWm-imm16...PSW 


1100 110d <#16 





CMPW imm16,Am 
Logical manipulation instructions 





Am-imm16...PSW 
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CCP ele lee le\e eC\@ eo P\e\ele e,e\c\e\e\e @ 


DI! DMD] Wl] WwW] wW]) ON] OD] HR] WwW) W) WI NIN] WO] WO] WO] a] Mm] WO] W])w) NIN] BR) WO) N] Oo] ww) wow] wo] wl] |) wl] wo 


wolwlwlwlwla}wlolm{|/rm|/o|/o;AlAlwl]/olmiwl]a/rms/ololAl;Al)rm> mo) Al wl] rm} o}w]rm] rm] rm] rp 


1101 110a <#16 




































































AND AND Dn,Dm Dm&Dn—Dm 0/@;/oje); 3} 2 0011 0111 DnDm 84 
AND imm8,Dm Dm&imm8—>Dm o|\@;/o|/@| 4] 2 0001 11Dm <#8. > 84 
AND imms,PSW PSW&imm8—>PSW @\e/e/e| 5/3 0010 1001 0010 <#8. ..> 85 
OR OR Dn,Dm DmIDn—>Dm Ool\@\ole| 3 | 2 0011 0110 DnDm 86 
OR imm8,Dm Dmlimm8—Dm Ol@;/oj;e@e| 4] 2 0001 10Dm <#8. ...> 86 
OR imm8,PSW PSWlimm8—>PSW e@ejeieie|/ 5] 3 0010 1001 0011 <#8. ...> 87 
XOR XOR Dn,Dm Dm*Dn>Dm Oole/ole) 3/2 0011 1010 DnDm *9 | 88 
XOR imm8,Dm Dm‘imm8>Dm 0;@;ojle; 5] 3 0011 1010DmDm <#8._ ...> 88 
NOTE: Pages for MN101C Series Instruction Manual “4 D=DWn, d=-DWm “5 D=DWm *9 m=n/ 
*2 A=An, a=Am *6 #4 sign-extension 
*3. d=DWm *7 #8 sign-extension 
*4 D=DWk *8 Dn zero extension 
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MN101C SERIES INSTRUCTION SET 


Mnemonic Operation Machine Code 
i 6 A 8 





~Dn-Dn 





Dn.msb—>temp,Dn.Isb—>CF 


Dn>>1—Dn,temp—>Dn.msb 
Dn.Isb->CF,Dn>>1—Dn 
0-—Dn.msb 








Dn.Isb—temp,Dn>>1—Dn 





CF-Dn.msb,temp—>CF 


Bit manipulation instructions 
































































































































BSET (i08)bp mem8(lIOTOP+i08)&bpdata...PSW 
1—mem8(lIOTOP+i08)bp 

BSET (abs8)bp mem8(abs8) &bpdata...PSW 
1—mem8(abs8)bp 

BSET (abs16)bp mem8(abs16)&bpdata...PSW 
1—mem8(abs16)bp 

BCLR (i08)bp mem8(lIOTOP+i08)&bpdata...PSW 
0—mem8(IOTOP+i08)bp 

BCLR (abs8)bp mem8(abs8)&bpdata...PSW 
0—mem8(abs8)bp 

BCLR (abs16)bp mem8(abs16)&bpdata...PSW 
0—mem8(abs16)bp 

BTST imm8,Dm Dmé&imms...PSW 

BTST (abs16)bp mem8(abs16)&bpdata...PSW 

Branch instructions 
Bec BEQ label if(ZF=1), PC+3+d4(label)+H-PC | -- | -- | -- | --| 3 | 2/3 1001 000H <d4> *1 | 98 

if(ZF=0), PC+3-PC 

BEQ label if(ZF=1), PC+4+d7(label)+H-PC | -- | -- | -- | --| 4 | 2/3 1000 1010 <d7. ..H *2 | 98 
if(ZF=0), PC+4-PC 

BEQ label if(ZF=1), PC+5+d11(label)+H—»PC| -- -|-| 5 |2/3 1001 1010 <d11 ww. wH *3 | 99 
if(ZF=0), PC+5-PC 

BNE labe if(ZF=0), PC+3+d4(label)+H—»PC | -- -]-| 3 | 2/3 1001 001H <d4> 1/100 
if(ZF=1), PC+3-PC 

BNE labe if(ZF=0), PC+4+d7(label)+H—»PC | -- -|-| 4 | 2/3 1000 1011 <d7. ...H *2 1100 
if(ZF=1), PC+4-PC 

BNE label if(ZF=0), PC+5+d11(label)+H—»PC| -- -|-| 5 | 2/3 1001 1011 <d11 ...  .H *3 1101 
if(ZF=1), PC+5-PC 

BGE label if((VF*NF)=0),PC+4+d7(label)+H>PC] -- | -- | -- | --] 4 | 2/3 1000 1000 <d7. ...H *2 1102 
if((VF4NF)=1),PC+4—PC 

BGE label if((VF*NF)=0),PC+5+d1 1 (label)+H—>PC| -- -|-| 5 | 2/3 1001 1000 <d11 ... ..H *3 1102 
if((VF*NF)=1),PC+5PC 

BCC label if(CF=0),PC+4+d7(label)+H—>PC| -- -|-| 4 | 2/3 1000 1100 <d7. ...H *2 1103 
if(CF=1), PC+4-PC 

BCC label if(CF=0), PC+5+d11(label)+H-+PC| -- -|-| 5 | 2/3 1001 1100 <d11 ... HH *3 1103 
if(CF=1), PC+5-PC 

BCS label if(CF=1),PC+4+d7(label)+H—>PC| -- -|-| 4 |2/3 1000 1101 <d7. ...H *2 1104 
if(CF=0), PC+4-PC 

BCS labe if(CF=1), PC+5+d11(label)+H—>PC} -- | -- | -- | --| 5 | 2/3 1001 1101 <d11 ... WH *3 1104 
if(CF=0), PC+5-PC 

BLT label if((VF*NF)=1),PC+4+d7(label)+H—>PC] -- | -- | -- | --] 4 | 2/3 1000 1110 <d7. ...H *2 1105 
if((VF*NF)=0),PC+4—PC 

BLT label if((VF*NF)=1),PC+5+d11(label)+H—>PC} -- | -- | -- | -- | 5 | 2/3 1001 1110 <d11 ... 0H *3 105 
if((VF*NF)=0),PC+5—PC 

BLE label if((VF4NF)|ZF=1),PC+4+d7(label)+H—>PC -- | -- | -- | --] 4 | 2/3 1000 1111 <d7. .H *2 106 
if((VF*NF)|ZF=0),PC-+4-—PC 

BLE label if((VF*NF)|ZF=1),PC+5+d1 1 (label)+H—>PG -- | -- | -- | -- | 5 | 2/3 1001 1111 <d11... 0H *3 |106 
if((VF*NF)|ZF=0),PC-+5—>PC 

BGT label if((VF4NF)|ZF=0),PC+5+d7(label)+H>PC -- | -- | -- | --| 5 | 3/4 0010 0010 0001 <d7. ..H *2 1107 
if((VF*NF)|ZF=1),PC-+5>PC 














NOTE: Pages for MN101C Series Instruction Manual *1 dé sign-extension 


*2 d7 sign-extension 
*3  d11 sign-extension 
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Group Mnemonic Operation Flag \CodeCycle Re- xten- Machine Code Notes/Pag 
VE|NF|CE]|ZF|Size peat} sion = 1 2 3 4 5 6 7 8 9 10 11 
Bec BGT label if((VF*NF)|ZF=0),PC+6+d11(label)+H-PC} -- | -- | -- | --| 6 | 3/4 0010 0011 0001 <d11 aH *3 |107| 
if((VFANF)|ZF=1),PC+6PC 
BHI label if(CFIZF=0),PC+5+d7(label)+H+PC | -- | -- | -- | --]| 5 | 3/4 0010 0010 0010 <d7. ...H *2 |108 
if(CFIZF=1), PC-+53PC 
BHI label if(CFIZF=0),PC+6+d11(label)+H+PC| -- | -- | -- | --]| 6 | 3/4 0010 0011 0010 <d11 ww H *3 |108 
if(CFIZF=1), PC+62PC 
BLS label if(CFIZF=1),PC+5+d7(label)+HPC | -- | -- | -- | --] 5 | 3/4 0010 0010 0011 <d7. ...H *2 |109) 
if(CFIZF=0), PC-+53PC 
BLS label if(CFIZF=1),PC+6+d11(label)+H+PC| -- | -- | -- | -- | 6 | 3/4 0010 0011 0011 <d11 aH *3 |109) 
if(CFIZF=0), PC-+63PC 
BNC label if(NF=0),PC+5+d7(label)+H>PC | -- | -- ] -- | --] 5 | 3/4 0010 0010 0100 <d7. ..H * H411 
if(NF=1),PC+5PC 
BNC label if(NF=0),PC+6+d11(label)+H-PC| -- | -- | -- | --] 6 | 3/4 0010 0011 0100 <d11 H *3 4411 
if(NF=1),PC+69PC 
BNS labe if(NF=1),PC+5+d7(label)+H—>PC | -- | -- | -- | --]| 5 | 3/4 0010 0010 0101 <d7. ..H *2 1111 
if(NF=0),PC+5PC 
BNS labe if(NF=1),PC+6+d11(label)+H-+PC| -- | -- | -- | -- | 6 | 3/4 0010 0011 0101 <d11 wH *3/111 
if(NF=0),PC+6>PC 
BVC labe if(VF=0),PC+5+d7(label)+H-PC | -- | -- | -- | --| 5 | 3/4 0010 0010 0110 <d7. ...H 2 |11 
if(VF=1),PC+59PC 
BVC labe if(VF=0),PC+6+d11(label)+H3PC| -- | -- | -- | --] 6 | 3/4 0010 0011 0110 <d11 wwH *3 (11 
if(VF=1),PC+69PC 
BVS label if(VF=1),PC+5+d7(label)+H3PC | -- | -- | -- | --| 5 | 3/4 0010 0010 0111 <d7. ..H 2 (11 
if(VF=0),PC+59PC 
BVS label if(VF=1),PC+6+d11(label)+H+PC| -- | -- | -- | --| 6 | 3/4 0010 0011 0111 <d11 wwH *3 111 
if(VF=0),PC+6-9PC 
BRA labe PC+3+d4(label)+H+PC --|--|--]--| 3 1110 111H <d4> “4 1114 
BRA labe PC+4+d7(label)+H+PC -|--|- |---| 4 1000 1001 <d7. ..H *2 /114 
BRA labe PC+5+d11(label)+H+»PC --|--|--]--]| 5 1001 1001 <d11 eH *3 115) 
CBEQ __|CBEQimm8,Dm,label if(Dm=imm8),PC+6+d7(label)+H3PC|@ |@|@| @| 6 [3/4 1100 10Dm <#8. ..> <d7. ...H e214 
if(Dm+imm8s),PC+6PC 
CBEQ imm8,Dm, label if(Dm=imm8),PC+8+d1 1 (label)+HPC/@ |@/@)@ & 4/5 0010 1100 10Dm <#8. ..> <d11 wH *3 4411 
if(Dm#imm8),PC+83PC 
CBEQ immé8,(abs8),label _ |if(mem8(abs8)=imm8),PC+9+d7(label)+H3PC @ |@ |@ |@| 9 | 6/7 0010 1101 1100 <abs 8.> <#8 > <d7. .H *2 111 
if(mem8(abs8)#imm8),PC+93PC 
CBEQ imm8,(abs8),label _if{mem8(abs8}=imm8),PC+10+d11(label)+HyPC| @ |@ |@ | @| 10 | 6/7 0010 1101 1101 <abs 8.> <#8. .> <d11 aH *3 141 
if(mem8(abs8)4imm8),PC+10>PC 
CBEQ imm8,(abs16),label_|if(mem8(abs16)=imm8),PC+11+d7(label)+H-PC] @ |@ |@ | @| 11 | 7/8 0011 1101 1100 <abs 16.. > HB. > <d7. H *2 /11 
if(mem8(abs16)#4imm8),PC+11PC 
CBEQ imm8,(abs16),label _|if{mem8(abs16)=imm8),PC+12+d1 {(label|+HPC]|@ |@ |@ | @| 12 | 7/8 0011 1101 1101 <abs 16.. w> #8. .> <d11 wH [*3 [11 
if(mem8(abs16)#imm8),PC+12PC 
CBNE CBNE imm8,Dm, label if(Dm¢imm8),PC+6+d7(label)+H3PC]@ |@ |@ |@| 6 | 3/4 1101 10Dm <#8. ..> <d7. .H> *2 111 
if(Dm=imm8),PC+63PC 
CBNE imm8,Dm, label if(Dm4imm8),PC+8+d11(label)+H3PC|@|@|@) @| 8 | 4/5 0010 1101 10Dm <#8. > <d11 aH *3 111 
if(Dm=imm8),PC+83PC 
CBNE imm8,(abs8),label _ |if(mem8(abs8)4imm8),PC+9+d7(label+H+PC] @ | @/@|@| 9 | 6/7 0010 1101 1110 <abs 8.> <#8 > <d7. .H *2 |12 
if(mem8(abs8)=imm8),PC+93PC. 
CBNE imm8,(abs8),label _ |if(mem8(abs8)4imm8),PC+10+d11(label)+H+PC|@ |@ |@ |@ | 10 | 6/7 0010 1101 1111 <abs 8.> <#8% .> <d11 aH *3 /12 
if(mem8(abs8)=imm8),PC+103PC 
CBNE imm8,(abs16),label |if{mem8{abs16)4imm8),PC+11+d7(label+HPC/@ |@ |@ /@ | 11 | 7/8 0011 1101 1110 <abs 16. > AB. > <d7. *2 /121 
if(mem8(abs16)=imm8),PC+11PC 
CBNE imm8,(abs16),label |if{mem8(abs16)4imm8),PC+12+d1 1 (label)+H @ |@ |e |@| 12 | 7/8 0011 1101 1111 <abs 16.. w> #8. .> <dt1 wH |*3 [121 
if(mem8(abs16)=imm8),PC+123PC 
TBZ TBZ (abs8)bp, label if(mem8(abs8)bp=0),PC+7+d7(label+H-+PC] 0 |@ | 0 /@| 7 |6/7 0011 0000 Obp. <abs 8.> <d7. ...H *2 |12 
if(mem8(abs8)bp=1),PC+7PC 
TBZ (abs8)bp, label if(mem8(abs8)bp=0),PC+8+d1 1 (label)+H 0/@|o;e@| 8 |6/7 0011 0000 1bp. <abs 8.> <d11 eH *3:/12 
if(mem8(abs8)bp=1),PC+8-PC 
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TBZ 








Mnemonic 


TBZ (i08)bp, label 


Operation 


if(mem8(IOTOP+i08)bp=0),PC+7+d7 (label)+H+PC 
if(mem8(IOTOP+io8)bp=1),PC+7-PC 





0100 


<io8 


Machine Code 


Chapter 15 Appendices 


6 7 8 













4/123) 





TBZ (i08)bp,label 


(mem8(IOTOP+io8)bp=1),PC+8-PC 


(mem8(|OTOP+io8)bp=0),PC+8+d1  (abel)+»PC) 


0011 


0100 


<io8 


wH 


*2 |123) 





TBZ (abs16)bp,label 


mem8(abs16)bp=0),PC+9+d7 (label) +H—>PC 
if(mem8(abs16)bp=1),PC+9-—PC. 


0011 


1110 


. <abs 


w>  <d7. .H 


4 1124 





TBZ (abs16)bp,label 


((mem8(abs16)bp=0),PC+10+d1 1 (label)+H—»PC 
(mem8(abs16)bp=1),PC+10-PC 


0011 


1110 


1bp. 


<abs 


a> <d11 


*2 |124) 





TBNZ 


TBNZ (abs8)bp, label 


((mem8(abs8)bp=1),PC+7+d7/(label)+H-PC 
(mem8(abs8)bp=0),PC+7PC 


0011 


0001 


Obp. 


<abs 


4/125) 





ITBNZ (abs8)bp, label 


i(mem8(abs8)bp=1),PC+8+d1 1 (label) +H—»PC| 
(mem8(abs8)bp=0),PC+8-PC. 


0011 


0001 


1bp. 


<abs 


*2 1125 





TBNZ (io8)bp,label 


((mem8(io)bp=1),PC+7+d7(label)+H-PC| 
(mem8(io)bp=0),PC+73PC. 


0011 


0101 


Obp. 


<io8 


“1 /126) 





TBNZ (io8)bp,label 


(mem8(io)bp=1),PC+8+d1 1 (label)+ HPC 
(mem8(io)bp=0),PC+8PC 


0011 


0101 


1bp. 


<io8 


*2 1126 





TBNZ (abs16)bp, label 


(mem8(abs16)bp=0),PC+9-PC 


(mem8(abs16)bp=1),PC-+9+d7 (label)+HPC) 


0011 


1111 


Obp. 


<abs 


w>  <d7. ...H 


4/127 





BNZ (abs16)bp, label 








(mem8(abs16)op=1),PC+10+d11 (label)+H-PC 
(mem8(abs16)bp=0),PC+10-PC. 

















0011 


1111 


1bp. 


<abs 


> <d11 


*2 1127 





JMP. 


JMP (An) 


0-PC.17-16,An—PC.15-0,0-PC.H 


0010 


0001 


O0AO 





JMP_ label 


abs18(label)+H3PC 


0011 


1001 


QaaH 


<abs 18b p15~ 0.> 


DS |128 





JSR 





JSR (An) 


SP-3-SP,(PC+3).bp7-0--mem8(SP) 
(PC+3).bp15-8-mem8(SP+1) 
(PC+3).H>mem8(SP+2).bp7, 
0>mem8(SP+2).bp6-2, 
(PC+3).bp17-16-»mem8(SP+2).bp1-0 
0-PC.bp17-16 
An-PC.bp15-0,0-PC.H 


0010 


0001 


00A1 





JSR label 


SP-3-SP, (PC+5).bp7-0->mem8(SP) 
(PC+5).bp15-8-mem8(SP+1) 
(PC+5).H>mem8(SP+2).bp7, 
0>mem8(SP+2).bp6-2, 
(PC+5).bp17-16-mem8(SP+2).bp1-0 
PC+5+d12(label)+H+PC 


0001 


000H 


<d12 


*3 129 





JSR label 


SP-3-SP, (PC+6).bp7-0->mem8(SP) 
(PC+6).bp15-8-mem8(SP+1) 
(PC+6).H>mem8(SP+2).bp7, 
0>mem8(SP+2).bp6-2, 
(PC+6).bp17-16-»mem8(SP+2).bp1-0 
PC+6+d16(label)+H+PC 


0001 


001H 


<d16 


*4 1130 





JSR label 


SP-3-SP,(PC+7).bp7-0--mem8(SP) 
(PC+7).bp15-8-mem8(SP+1) 
(PC+7).H>mem8(SP+2).bp7, 
0>mem8(SP+2).bp6-2, 
(PC+7).bp17-16-smem8(SP+2).bp1-0 
abs 18(label)+H=>PC. 


0011 


1001 


taaH 


<abs 18.b p15~ 0.> 


*5 |130 





JSRV (tbl4) 


SP-3-SP, (PC+3).bp7-0->mem8(SP) 
(PC+3).bp15-8-mem8(SP+1) 
(PC+3).H+mem8(SP+2).bp7 
0>mem8(SP+2).bp6-2, 
(PC+3).bp17-16-smem8(SP+2).bp1-0 
mem8(x'004080+tbl4<<2)—PC.bp7-0 
mem8(x'004080+tbl4<<2+1)—PC.bp15-8 
mem8(x'004080+tbl4<<2+2).bp7->PC.H 


mem8(x'004080+tbI4<<2+2).bp1-0> 
PC.bp17-16 


1111 


1110 


<t4> 


131 





NOP 


NOTE: Pages for MN101C00 Series Instruction Manual. 


NOP 





PC+2PC 





























0000 0000 
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“4 
*2 
*3 
*4 
*5 





132) 








d7 sign-extension 
d11 sign-extension 
d12 sign-extension 
d16 sign-extension 
aa=abs18.17 - 16 
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MN101C SERIES INSTRUCTION SET 


Mnemonic Operation (CodeCycle Re- - Machine Code Notes 
Size peat] o 5 6 7 8 





mem8(SP)- (PC).bp7-0 w-- | --- |--- J--- 0000 0001 
mem8(SP+1)—> (PC).bp15-8 
mem8(SP+2).bp7— (PC).H 
mem8(SP+2).bp1-0— (PC).bp17-16 
SP+3— SP 

mem8(SP)— PSW 0000 0011 
mem8(SP+1)— (PC).bp7-0 
mem8(SP+2)— (PC).bp15-8 
mem8(SP+3).bp7— (PC).H 
mem8(SP+3).bp1-0— (PC).bp17-16 
mem8(SP+4)— HA-I 
mem8(SP+5)— HA-h 
SP+6— SP 








Contorl instructions 
REP imm3 imm3-1— RPC woe | wn= | -n= | => 0010 0001 1trep 









































NOTE: Pages for MN101C Series Instruction Manual. *1 no repeat whn imm3=0, (rep: imm3-1) 





as macro instructions. 


Other than the instruction of MN101C Series,the assembler of this Series has the following instructions 
: The assembler will interpret the macro instructions below as the assembler instructions. 





macro instructions replaced instructions remarks 
INC Dn ADD 1,Dn 
DEC Dn ADD -1,Dn 
INC An ADDW._1,An 
DEC An ADDW -1,An 
INC2 ADDW  2,An 
DEC2 ADDW -2,An 
CLR SUB Dn,Dm 
ASL ADD Dn,Dm 
ROL ADDC_ Dn,Dm 
NEG NOT Dn 
ADD 1,Dn 
NOPL MOVW DWn,DWm 
MOV MOV (0,SP),Dn 
MOV MOV Dn,(0,SP) 
MOVW MOVW_ (0,SP),DWn 
MOVW MOVW_ DWn,(0,SP) 
MOVW MOVW_ (0,SP),An 
MOVW MOVW_ An,(0,SP) 
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15-5 Instruction Map 
MN101C SERIES INSTRUCTION MAP 
1stnibble\2nd nibble 


0 1 


CMP #8,(abs8)/(abs12) | POP An 


ADD #8,Dm 


Cc D E F 


MOVW #8,DWm| MOVW #8,Am 








JSR d12(label) | JSR d16(label) 





PUSH An 





MOV #8,(abs8)/(abs12) 





OR #8,Dm 





AND #8,Dm 





When the exension code is b'0010' 





When the extension code is b'0011' 





MOV (abs12),Dm 


MOV (abs8),Dm 


MOV (An),Dm 





MOV Dn,(abs12) 


MOV Dn,(abs8) 


MOV Dn, (Am) 





MOV (io8),Dm 


MOV (d4,SP),Dm 


MOV (d8,An),Dm 





MOV Dn,(i08) 


MOV Dn,(d4,SP) 


MOV Dn,(d8,Am) 





ADD #4,Dm 


SUB Dn,Dn 


BGE d7) BRA d7 |BEQ d7|BNE d7 


BCC d7|BCS d7 |BLT d7 | BLE d7 





BEQ d4 BNE d4 








MOVW DWn,(HA)| MOVW An,(HA) 





BGE d11)BRA d11|BEQ d11}BNE d11 











BCC d11}BCS d11]BLT d11 | BLE d11 

















MOV Dn,Dm / MOV #8,Dm 





BSET (abs8)bp 


BCLR (abs8)bp 





CMP #8,Dm 


MOVW (abs8),Am 


MOVW (abs8),DWm 


CBEQ #8,Dm,d7 


CMPW #16,DWm 


MOVW #16,DWm 





MOV Dn,(HA) 


MOVW An,(abs8) 


MOVW DWn,(abs8) 


CBNE #8,Dm,d7 


CMPW #16,Am 


MOVW #16,Am 





0 |MOVW An,Am 


MOVW (An),DWm 


MOVW (d4,SP),Am 


MOVW (d4,SP),DWm 


POP Dn 


ADDW #4,Am 


BRA d4 





MOVW DWn, (Am) 


Extension code: b'0010' 
2nd nible\ 31d nibble 
0 1 








MOVW An,(d4,SP) 


CMPW An,Am 





MOVW DWn,(d4,SP) 





PUSH Dn 


A B 


MOVW SP,Am |MOVW An,SP 


ADDW #8,SP} ADDW #4,SP 








BTST #8,Dm 





JSRV (to) 





JMP (A0)| JSR (AQ) 


JMP (A1)| JSR (A1) 


MOV PSW,Dm 


REP #3 





BGT d7 


BHI d7 |BLS d7 


BNC d7|BNS d7 


BVC d7|BVS d7 


NOT Dn 


ROR Dn 





BGT d11 


BHI d11 |BLS d11 











BNC d11|BNS d11 





BVC d11| BVS d11 





ASR Dn 


LSR Dn 





SUBW DWn,DWm 


SUBW #16,DWm 


SUBW #16,Am 


SUBW DWn,Am 


MOVW DWn,Am 





ADDW DWn,DWm 


ADDW #16,DWm 





ADDW #16,Am 


ADDW DWn,Am 


CMPW DWn,Am 








MOV (d16,SP),Dm 


MOV (d8,SP),Dm 


MOV (d16,An),Dm 





MOV Dn,(d16,SP) 


MOV Dn,(d8,SP) 


MOV Dn,(d16,Am) 





MOVW DWn,DWm (NOPL @n=m) 


CMPW DWn,DWm 


ADDUW Dn,Am 





EXT Dn,DWm_|AND#8,PSW) OR #8,PSW 











MOV Dn,PSW 





ADDSW Dn,Am 





SUB Dn,Dm/ SUB #8,Dm 





SUBC Dn,Dm 





MOV (abs16),Dm 


MOVW (abs16),Am 


MOVW (abs16),DWm 


CBEQ #8,Dm,d12 


MOVW An,DWm 





MOV Dn,(abs16) 


MOVW An,(abs16) 


MOVW DWn, (abs16) 


CBNE #8,Dm,d12 


CBEQ #8,(abs8),d7/d11 |CBNE #8,(abs8),d7/d1 1 





MOVW (d16,SP),Am 


MOVW (d16,SP),DWm 


MOVW (d8,SP),Am 


MOVW (d8,SP),DWm 


MOVW (An),Am 


ADDW #8,Am 


DIVU 





MOVW An,(d16,SP) 





MOVW DWnh,(d16,SP) 





MOVW An,(d8,SP) 





MOVW DWn,(d8,SP) 





MOVW An,(Am) 


ADDW #16,SP 








Instruction Map 


MULU 





XV - 27 


Chapter 15 Appendices 


Extension code: b'0011' 


2nd nibble\ 3rd nibble 
0 1 2 


8 9 A B Cc D & F 
TBZ (abs8)bp,d11 





TBNZ (abs8)bp,d7 





TBNZ (abs8)bp,d11 





CMP Dn,Dm 





ADD Dn,Dm 





TBZ (i08)bp,d7 


TBZ (i08)bp,d11 





TBNZ (i08)bp,d7 





TBNZ (i08)bp,d11 





OR Dn,Dm 





AND Dn,Dm 





BSET (io08)bp 


BCLR (io08)bp 





JMP abs18(label) 





JSR abs18(label) 





XOR Dn,Dm / XOR #8,Dm 





ADDC Dn,Dm 





BSET (abs16)bp 


BCLR (abs16)bp 





BTST (abs16)bp 


rn #86] mov #8 fa) CBEQ #8,(abs16),d7/11 |CBNE #8, (abs16),d7/11 

















TBZ (abs16)bp,d7 


TBZ (abs16)bp,d11 





TBNZ (abs16)bp,d7 


XV - 28 Instruction Map 





TBNZ (abs16)bp,d11 
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